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Another lean year, in which the budget remained 
level in at year dollars but fell in real terms. Nevertheless 
we saw a high level of scientific activity and facility 
development and improvement. The end of the Fiscal 
Year (FY 1995) brought substantial changes to the staffof 
the NSLS. It became necessary to solicit volunteers for a 
reduction in staffso as to allow for a redirection of funds 
into areas consideredvital to improve research operations. 
Many years of experience were lost when Arie van 
Steenbergen, George Stenby, Bob Larson, Ken Batchelor, 
Norman Fewell, Paul LeDoux and Clem Auguste volun- 
teered to take retirement. The year ended with the cer- 
tainty that FY 1996 would be the year in which the 
Scientific Facilities Initiative would be funded. 

Highlights and themes of the science program are 
summarized in articles by NSLS staffand users, providing 
an overview which displays the evidence of extreme diver- 
sity and high quality. The detailed publication lists and 
user’s reports are described in later pages and in over 700 
publications in the journal literature. 

During the year, in the March 1995 Newsletter, the 
concept of Beamline Confederations was first explored 
and this continues to be an important aspect of the future 
at NSLS for users and staffalike. In the present economic 
climate it has become increasingly difficult to obtain the 
necessary fimds to ensure year round operations for all the 
beamlines. An increase in scale, through co-operation, 
collaboration and correlation ofplanning and investment 
could enable PRTs to achieve more than each would 
achieve alone. In areas such as Powder Diffraction, Struc- 
tural Biology, X-ray Absorption Spectroscopy, and Re- 
flectometry several beamlines exist at NSLS. In each case 
there are benefits to be won, through combined R & D in 
both soft-ware and hardware, through the common pro- 
vision of spares and through the enhanced intellectual 
resources of a wider community. In some of these 
examples the combination of interest and expertise in the 
application of neutron probes is also of importance. 

The Structural BiologyAddition was formally Dedi- 
cated on 10 May 1995 when Roland Hirsch from the 
DOE Office of Health & Environmental Research was 
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joined by BNL Laboratory Director Nicholas Samios, 
Denis McWhan (BNL Associate Director for Basic En- 
ergy Sciences) and William Studier, BNL Biology De- 
partment Chairman for a ceremonial ribbon cutting. 
Funds for this key development of user laboratory space 
included the DOE Office of Health & Environmental 
Research, BNL General Plant Project Funds (GPP), the 
Howard Hughes Medical Institute, Exxon and New York 
State University at Stony Brook. At the end of the year the 
users took possession of the laboratory space and the 
NSLS control room and ES&H staff planned to move 
too. 



A Department of Energy Customer Satisfaction 
Survey was conducted by an experienced contractor un- 
der the direction of the DOE Task Force on the Science 
and Technology (S & T) business line. The NSLS 
provided the DOE with a contact list of users for the 
purpose of random polling, and extensive questionnaires 
were also completed by PRT members and by the Users’ 
Executive Committee. 80% of the customers of the S & 
T reported that they were “satisfied” or ‘<very satisfied”. 

Yet another successful year of machine improve- 
ments and operations was achieved; the energy of the 
VUV ring was increased to 800 MeV resulting in longer 
lifetime and a 30% increase in integrated current and 
plans were made to increase the booster energy to track 
that of the ring. Further improvements include the first 
demonstration of’(top off’ mode in which quasi-continu- 
ous injection keeps the current near its maximum value 
and so reduces the effects of thermal cycling on beam line 
optics while maximizing the integrated current. On theX- 
ray ring maximum current operation was increased to 300 
mA and the Thermal Limits Task Force set out a plan for 
eventual running at up to 438 mA at 2.584 GeV or 250 

mA at 2.8 GeV after the replacement of the 34 Beryllium 
windows which presently limit such operating condi- 
tions. 

Early in the year the Elliptically Polarized Wiggler 
wasinstalledand testedinthex-13 R&D straight section 
of the X-Ray Ring . The modified Prototype Small Gap 
Undulator was reinstalled and operated at a 5.6 mm 
magnet gap ( 2.5 mm electron beam gap) to provide 2.5 
keVX-rays in the fundamental and 7.5 keVX-rays in the 
thirdharmonicwithapartiallifetimecontributionofonly 
36 hours. The Accelerator Test Facility provided access to 
15 currently approved experiments including the first 
demonstration of Inverse FEL acceleration of electrons, 
the observation of micro-bunching and the development 
of slice-emittance techniques for beam diagnostics. The 
NSLS hosted the 17th International Free Electron Laser 
Conference, an important meeting both in terms of 
content and timing in the definition of the next few years 
R & D towards fourth generation synchrotron radiation 
sources. 

A very productive year for our staff and users. 
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William Thomlinson 
Associate Chairman 
NSLS 

The ES&H activities at the NSLS during FY95 
focused on the implementation of old and new programs, 
getting prepared for the coming of the new Personnel 
Radiation Protection law on January 1,1996, and adjust- 
ing to several significant personnel changes. 

It is perhaps the personnel changes which are the 
most important issue which we faced. At the end ofFY95, 
we lost the services of our ES&H Coordinator, Kenneth 
Batchelor, our Quality Assurance Representative, Paul 
LeDoux, and our Safety Associate, Clement Auguste. It 
is never easy to lose so many people at one time, especially 
since some of them were key, highly experienced person- 
nel on whom we had relied for many years. During this 
last year under the direction of Ken Batchelor, the NSLS 
finally achieved formal classification by DOE as a low 
hazard accelerator. That means that the DOE orders and 
guidelines which pertain to our operations are now dari- 
Bed. Previously we had operated under the assumption 
that we would be low hazard, but we needed final 
approval. 

We have been very fortunate in being able to fill 
these openings with extremely qualified personnel who 
have already been putting their marks on the positions. 
The central position of ES&H Coordinator has been 
filled by Nicholas Gmiir who has extensive experience 
with safety issues regarding the medical research programs 
and as ALARA (As LowAs Reasonably Achievable) Coor- 
dinator for the NSLS. It has already been a busy time since 
the new Radiation Protection Program, Federal Code 
lOCFR835, kicks in January 1,1996 and we have had to 
undergo reviews, revise many of our existing SEAPPMs 
(Safety and Environmental Administrative Policy and 
Procedure Manual), and write many new ones. 

The transition has been smooth and we are now 
pretty much up to speed. The position of ALARA 
Coordinator has been assumed by WilliamThomlinson, 
replacing Nicholas Gmiir. Under the policies of 
lOCFR835, ALARA is much more formally recognized 
and mandated, so we have been busy naming new 
members to replace those who have left the Laboratory. 
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It has long been felt that ES&H should be an 
integrated concept at the NSLS, and the change of our 
QA Representative from Paul LeDoux to Dennis Klein 
has provided the perfect opportunity. Dennis Klein 
comes to the position from an extensive technical back- 
ground and also as the NSLS Training Coordinator. We 
have thus been able to combine training and QA in a 
single office, reporting formally to both the ES&H Asso- 
ciate Chairman and to the Assistant to the Chairman for 
Administration. 

John Aloi has moved from his Operations Coordi- 
nator role to become a StaffEngineer in our group. The 
timeliness of this move cannot be underestimated. John 
is already giving the necessary attention to critical matters 
which had been neglected or not initiated. The arrival of 
these three individuals, workingwithThomas Dickinson, 
our Safety Officer, Andrew Ackerman, our Safety Engi- 
neer, and our S&EP representatives (Chris Weilandics, 
Rudy Zantopp and Eric Seebeck), ensures that we will be 
able to maintain our strong ES&H program. 

Most of the preparation for the start of the new 
Personnel Radiation Protection Program has centered 
around updating our SEAPPMs. The NSLS is in very 
good shape with regard to the new federal code since we 
have always maintained a strong safety and ES&H effort. 
The NSLS is proud of its record in, for example, user 
safety; communication to staff and users on essential 
safety issues, the formalizing of our ALARA program, 
reporting of off-normal events, and training. A recent 
review by BNL ofour preparations for 1 OCFR835 showed 
only a few minor areas that will need attention. 

The attention of the ALAR4 Committee this year 
was focused on obtaining reliable data on the radiation 
levels in of&es in the NSLS which come from operation 
ofthe booster and theVUVRing. The datais now reliable 
enough to plan for reducing the levels through various 
shielding measures. These measures will be in addition to 
those taken in the past several years which have reduced 
the levels in all but a few ofIices to below NSLS adminis- 
trative levels. There was some progress in removing 



radiological warning signs around the facility due both to 
decreased levels after shielding upgrades and changes in 
the administrative policies for posting. The Committee 
is working toward the goal ofhaving all radiation warning 
signs on office doors eliminated. There is much work yet 
to be done. 

The Electrical Safety Review of the NSLS Experi- 
mental Areas has been completed by Michael Buckley, 
John Aloi and Steve Kemp. This review was an intensive 
study of each beamline to determine what short term 
critical electrical hazards exist and what longer term, non- 
immediate problems exist. There were many minor 
immediate problems found which are to be addressed by 
the beamline personnel. A study is now underway to 
address the larger, man-power intensive and costly issues 
(e.g., moving circuit breaker panels which do not meet 
access requirements). It is expected that the NSLS will 
share in the responsibility for correcting these deficien- 
cies, using BNL and NSLS staffand resources. We hope 
to have completed this project by the end of FYY6. Joe 
Sheehan, Electrical Engineer, is carrying out a similar 
review for the remainder of the NSLS technical space. 

Off-normal events, and the reporting ofthose events 
to DOE, are taken very seriously by the NSLS. We have 
historically had very few reportable events, a record which 
is due to our highly trained and professional staff coupled 
with our trained and concerned user population. How- 
ever, occasionally we do have such events and this year was 
no exception. Fortunately, none of the events resulted in 
injury to personnel, but in at least one case ofviolation of 
electrical safety (lock-out, tag-out) procedures, the poten- 
tial existed. By following through on the reports and 
lessons learned from these events, the NSLS is attempting 
to become a safer environment in which to work. In the 
case of the electrical safety event, intensive re-training of 
cognizant stafffollowed, the SEAPPM covering lock-out, 
tag-out procedures was revised and it was clearly stated 
once again that safety on the job is the first priority for all 
staffmembers and guests. In other events, more clarity of 
administrative and interlock procedures has been neces- 
sary, followed by the issuing of policies and additional 
training. 



Paul Zschack 
Oak Ridge National Laboratory 
UEC Chair 

The Users’ Executive Committee (UEC) continues 
to serve as a primary communication vehicle between the 
User community and the NSLS Administration. Repre- 
senting the User Association, the UEC hosted four Town 
Meetings during 1995 to facilitate useful interaction 
between the NSLS staffand NSLS users. Following each 
Town Meeting, the UEC met with the NSLS manage- 
ment and the BNL Directorate to further discuss relevant 
issues. I extend sincere thanks to the UEC Membership, 
the NSLS staff and management, the BNL Directorate, 
and all other volunteers who took active roles in continu- 
ing the UEC mission throughout the last year. 

In addition to advocacy for user quality-of-life is- 
sues, the UEC has taken initiative and sanctioned a study 
panel to evaluate the current health of the PRTs and 
General User programs. Geraldine Lamble (NSLS), Jean 
Jordon-Sweet (IBM), and Robert Sweet (BNL - Biology) 
have spearheaded this effort. Results of this in-depth 
study will be used to aid planning for the future, and a final 
report with specific recommendations has by now been 
provided to the NSLS Chairman. 

It has never been more important for users of the 
NSLS and NSLS staffand management to work together 
to find solutions to the problems facing many research 
efforts at the NSLS. I believe we all recognize the need to 
be more creative to get more accomplished with fewer 
resources. One way to accomplish this is through econo- 
mies ofscale brought about by beamline confederations or 
consortia. In one form or another, these will certainly be 
a part of our future. 

An example of the advantages of coordinated activi- 
ties on a larger scale is the success of the Science Facilities 
Initiative in the BES budget. Hard work by the DOE and 
Facility Directors, and grass roots support from users was 
rewarded by an increase in the Basic Energy Sciences 
budget targeted for the National User Facilities. A 
portion of these funds have been made available to indi- 
viduals for “ . ..new capabilities or for upgrading existing 
research capabilities...at DOE-supported synchrotron fa- 
cilities...” I am confident many outstanding proposals 
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have been submitted by NSLS users to the DOE for this 
grant support. We can also be hopeful that this Initiative 
results in a long-term increase in funding for synchrotron 
radiation research and is not simply a bump on the 
funding profile. 

The Scientific Program Support Committee (SPSC) 
remains as a standing subcommittee of the UEC and 
continues to provide a leading role in advocating the users’ 
position on many technical and quality of life issues 
within the NSLS. Lars Furenlid (NSLS) and Mike 
Sansone (Exxon) currently co-chair the SPSC, which has 
become involved in safety and compliance issues such as 
the DOE chemical tracking. The SPSC continues to be 
a most effective body in support of user issues. 

The Annual Users’ Meeting is the most visible 
function sponsored by the UEC. In addition to invited 
talks and a successful poster session, a satellite workshop 
on XAFS was held. This permitted users attending the 
Annual Meeting and traditional Workshops to also par- 
ticipate in the XAFS program. The popularity of the 
workshop programs has inspired a change for next year’s 
annual meeting. To offer wider participation in the 
workshops, the program will be split into 2 days, provid- 
ing the opportunity to attend 2 one-day workshops. The 
keynote address at the Annual Meeting was given by 
Robert Galvin, Chairman of the Executive Board of 
Motorola, Inc., and Chairman of the Task Force on 
Alternative Futures for the DOE National Labs. Mr. 
Galvin provided an eloquent and provocative opinion of 
the future of scientific research at the National Labs. 
Going beyond the Task Force Report, privatization is 
seen as the eventual form of the National research facili- 
ties. Not all users agree with Mr. Galvin’s assessment, but 
this address certainly inspired much lively discussion. 
New to the 1995 meeting was the recognition of a 
Distinguished User to acknowledge the research efforts of 
an NSLS investigator. The inaugural Distinguished User 
was Cullie J. Sparks of the Oak Ridge National Lab whose 
contributions to synchrotron radiation research include 
work in focusing optics, diffuse x-ray scattering, and 



Users’ Executive Committee and 
Special Interest Group Representatives 

[Front, from left fo right) 
Paul Zschack (ORNL), Stephan Cinell (ANL), Michael Dudley (SUNY - Stony Brook), Eva Rothman (NSLS), 
Sue Wirik (SUNY - Stony Brook), and Peter Stephens (SUNY-Stony Brook). 

(Back, from left to right, standing) 
Kim Mohanty (BNL-Physics), Dan Fischer (NIST), David Hanson (SUNY - Stony Brook), Jean Jordan-Sweet 
(IBM), Doon Gibbs (BNL-Physics), Jon Levin (U. of Tennessee), Kevin Smith (Boston U.), Boris Sinkovic (New 
York U.), Syed Qadri (NRL), and Craig Thorn (BNL-Physics). 

Absent from photo are Simon Bare (Dow Chemical), and David Johnson (Old Dominion U.). 
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anomalous scattering techniques. Cullie also served as the the NSLS User population in the future. The success of 
Chairman of the second UEC back in the early 1980s. the Annual Meeting is primarily due to the hard work of 
The conference banquet was held at the Port Jefferson the organizing committee. I am grateful to Steven Ehrlich, 
Country Club, and was well attended. Finally, we saw Linda Feierabend, Dan Fischer, Eva Rothman, and Sue 
evidence that the user community continues to expand as Wirick for all their hard work and effort. 
a new Special Interest Group (SpIG) in Biological Scatter- Sometimes we take for granted just how easy it is to 
ing was formed. The overwhelming approval from the work effectively at the NSLS. The hard work of past UEC 
meeting attendees is indication that new research areas are committees, past NSLS Chairpersons, the NSLS User 
very well received at the NSLS. I suspect the biology Administration Offlice, the NSLS staff, and the 
community will continue to be an important segment of BNL Directorate should be acknowledged. 
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Mei-Ling Shek 
NSLS 

I. VALENCE ELECTRONIC EXCITATION II. INNER-SHELL EXCITATION 

The thrust of the gas phase research on beamline 
Ul 1 is discharge flow-photoionization mass spectrom- 
etry. From the photoionization efficiency spectra of HOI 
and IO, the adiabatic ionization energies have been deter- 
mined, for the first time, for HOI (X’A’)+ HOI+ (XzA”) 
and IO (X%,,J+ IO+ (X3Z-). In addition to the vibra- 
tional structure of the cation, the photoionization of IO 
also displays autoionization features correlated wuth 
Rydberg excitations, as shown in Figure 1. 
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On beamline UlSUA, Auger and resonance Auger 
spectra of methane are obtained as the basis of under- 
standing the highly excited valence states of singly and 
doubly charged molecular ions due to core hole excita- 
tions in hydrocarbons. Figure 2 shows the Auger spec- 
trum of methane following C 1s photoionization, as well 
as the resonance Auger spectra due to C 1s + 3s and 1s + 
3p excitations, at chosen photon energies based on the 
total ion yield spectrum. The shifts towards higher elec- 
tron kinetic energies in the resonance Auger spectra are 

consistent with the interpreta- 
tion ofde-excitation ofRydberg 
states to 2-hole-l-electron va- 
lence final states. 

The dynamics of core 

o.ooo- 
115 120 125 I 
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hole excitation and de-excita- 
tionphenomenaarealsoofgreat 
interest on beamline Xl B. The 
feasibility of measuring thresh- 
old photoelectrons in coinci- 
dence with soft x-ray fluores- 
cence has been demonstrated, 
thus enabling the elimination 
of line shape distortions due to 
post-collision interaction be- 
tween the photoelectrons and 
core-hole induced Auger elec- 

Figure 1 Ull: Photoionization efficiency spectrum of IO (m/s = 143) at a 
nominal resolution of about 0.23 nm and 0.10 nm steps between I = 115.0 and 
130.0 nm. the arrow indicates the onset of ionization at 127.3 nm (IE = 9.74 
+ 0.02 ev). The superposed lines indicate autoionization which presumably 
correlateswith a Rydbergprogression (126.2 nm/n*=5.18,124.3 nm/n*=6.17, 
123.2 rim/n** = 7.12,122.4 rim/n** = 8.19,121.9 rim/n** = 9.19, where n* = (W 
(IE - E,,))lRand R= 13.60539 eV) that converges to an excited state of the cation 
at 120.0 nm (10.33, ev). [Z. Zhang (BNL-DAS), P.S. Monks, and L.J. Steif (NASA, 
MD), J.F. Liebman (U. of Maryland), R.E. Huie (NIST), S.C. Kuo, and R.B. Klemm 
(BNL-DAS)]. 

trons. To overcome the low 
fluorescence yield of the first- 
row elements, efficient detec- 
tion is needed in conjunction 
with a high photon flux. A new 
instrument combining a time- 
of-flight zero-kinetic-energy 
(ZEKE) electron spectrometer 
with a large photon detector 
near the interaction region pro- 
vides ahigh detection efflcincy. 
Figure 3 shows the results for 
N,. The resonances below the 



Figure 2a U13UA: Auger 
Spectrum of CH, (excitation 
by hv = 296 ev). 

Figure2b:ResonanceAuger 
spectrum of CH, following 
Is + 3s excitation (hv = 
287.04 ev). 

Figure 2c: Resonance Auger 
spectrum of CH, following 
Is + 3p excitation (hv = 
288.00 ev). [S.Y. Chen, and 
D.M. Hanson (U. Stony 

Y n Brook)]. 

Electron Kinetic Energy 

N, lcmizatim Threshold 

Figure 3 XlB: From top to 
bottom, the coincidence 
spectrum, the ZEKE electron 
spectrum, and the soft x-ray 
fluorescence yield spectrum of 
the N, molecule. Thesolid line 
in the upper panel is a tentative 
four-Gaussian fit with the 
spacing locked to 0.31 eV. [J.-E. 
Rubensson, J. Lining (KFA 
Jiilich), M. Neeb (FHI Berlin), S. 
Eisebitt (U. British Columbia), B 
Kiipper, and W. Eberhardt (WA 
Jiilich)]. 

1s ionization limit in the coin- 
cidence spectrum give new in- 
formation about the radiative 
decay dynamics. Further sensi- 
tivity enhancements are 
planned. 

Another study on 
beamlineXlBinvolvesthedou- 
bly excited neutral states in CO 
and N,, following the recent 
finding of such 2-hole-2-par- 
title states in the high resolu- 
tion absorption spectra about 
4-7eVabovetheC 1sandN 1s 
ionization thresholds. Figure 4 
shows the decay spectra due to 
C 1s and N 1s ionization and 
the decay of the doubly excited 
states above as well as below 
thresholds. The below thresh- 
old excited states have been 
previously obscured by 
Rydberg excitations in the ab- 
sorption spectrum. For CO and 
N,, the 2-hole-2-particle states 
about 4 eV above threshold 
have also been observed to un- 
dergo valence autoioni-zation. 

On beamline X24A, af- 
ter the successful implementa- 
tion of coincidence detection 
ofphotoelectrons orAuger elec- 
trons with fluorescent x-rays 
(reported last year), a study to 
understandangularcorrelations 
in the coincidence measure- 
ments has been initiated. X-ray 
scattering studies on OCS and 
atomic Ar have also been made 
on beamline X24A. 

Double ionization of He 
has been ofgreat interest as the 
testing ground for understand- 
ing electron correlation. Mea- 
surements on the ratio of the 
cross-sections for double to 
single ionization of He were 
made in the last few years on 
beamlines X24A, X26C and 
XSA. The work has now been 
extended to beamline U13UA, 
where an accurate determina- 
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resonant decay 
of 2h2p states in CO 

256 260 264 268 272 276 280 284 365 370 375 380 385 390 395 400 
Kinetic energy (eV) Kinetic energy (eV) 

Figure 4 Xl B: Decay spectra of CO and N, excited around the C 1 s and N 1 s ionization thresholds at 296.1 eV 
and 409.9 eV, respectively. The decay of the doubly excited states above threshold show strong resonant features 
at 268 eV for CO and at 380 eV for N,, as can be seen in (b) and (d), respectively. The spectra in (a) and (c) show 
resonant-enhanced structures which are attributed to the decay of additional 2h2p states immediately below 
threshold. The leading ripple peak structure in all spectra is due to direct photoemission of the outer valence 
orbitals. The valence photoemission spectra of CO and N, are shown at the bottom as dotted lines. [M. Neeb, A. 
Kivimaki, B. Kempgens, H.M. Kijppe, and A.M. Bradshaw (Fritz-Haber-lnstitut der Max-Planck-Gesellschafi, Berlin)]. 

tion of the ratio from the 
double ionization threshold 
at 79 eV to 700 eV is the 
goal. The experiment uti- 
lizes time-of-flight detection 
of He+ and He++ with 
Rayleigh scattering as the 
prompt signal. Figure 5 
shows a comoarison of data 
with theory. ’ B 
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Figure 5 U13UA: Comparison of present results with two early theoretical 
predictions. [J.C. Levin, G. Bradley Armen, and I.A. Sellin (U. Tennessee)]. 



Syed B. Qadri 
Naval Research Laboratory 

Energy dispersive diffraction tech- 
niques at NSLS are extensively used in “V 
obtaining diffraction from samples ofmi- I 
croscopic dimensions such as with speci- 
mens contained in diamond-anvil cells 
(DAC) under extreme pressure and tem- 
perature conditions. The essential com- 
ponents of energy-dispersive x-ray dif- 
fraction (EDXD) system consist of an 
Si(Li) or intrinsic Ge detector and a FET 
preamplifier, both cooled by liquid nitro- 
gen, and a multichannel analyzer (MCA). 
The use of this system in conjunction 
with the X17C beamline at the NSLS, 
which produces polychromatic x-rays us- 
ing a high magnetic field of the supercon- 
ductingwiggler (4.6-4.8 Tesla) , has made 
possible the study of solid state phase 
transitions and equations of state in real 
time. With the advancement of diamond 
anvil cell technology, pressures as high as 
2.5-3.0 Mbar which are comparable to 
the pressure at the center of the earth 
(+ 3.5 Mbar) are routinely achieved. In 
the diamond anvil cell, the specimen is 
confined in the hole of a gasket between 
opposing diamonds and the pressure is 
applied by mechanically squeezing the diamonds. In the 

I 

E&W 
Figure 1 Xl 7C:The energy dispersive x-ray diffraction patterns of 
the laser heated iron at 125 CPa, showing that a new diffraction 
line (arrow) develops as the diffraction lines from &-Fe disappear 
above 3000 K. The I 00,l 01, 110, and 112 reflections of &-Fe are 
located at 17.33, 19.71, 30.07, and 35.81 keV, respectively 
(Ed=33.94 keVi\). The heating cycle starts with the bottom curve 
and moves upwards. (C. S. Yoo, J. Akella, A. J. Campbell, H. K. Mao, 
and R. J. Hemley, Science, 270,1473,1995). 

core, studies of phase transitions at high pressures and 
temperatures are of fundamental interest to geophysicists. 
C. S. Yoo from Lawrence Livermore National Laboratory 
in collaboration with associates at Carnegie Institution of 
Washington (CIW), using an integrated diamond-anvil 
cell, x-ray, and laser heating apparatus examined the iron 
phase diagram by directly probing the crystal structure of 
the phases in situ to 130 gigapascals (GPa) and 3500K. 
Their system consisted of three components (i) a Nd- 
yttrium-aluminum-garnet laser heating system to heat the 
sample in the diamond-anvil cell, (ii) a microscope system 
to measure temperature andview the sample for alignment 
and direct observation, and (iii) a synchrotron x-ray and 
energy dispersive diffraction system. Figure 1 shows the 
x-ray diffraction patterns of the laser heated iron at 125 

case of multi-megabar- pressures,-the size of the gasket 
hole hence the sample size is reduced to as small as 10 pm 
diameter. Thus the use of conventional x-ray sources 
becomes impractical, and intense synchrotron radiation 
becomes essential for high pressure research. The use of 
energy-dispersive x-ray diffraction is not limited to struc- 
tural information at extreme pressure and temperature 
conditions, it is also extremely useful in single-crystal 
studies of microscopic dimensions approaching 40 nm 
diameters with volumes of attoliters. Highlights of the 
most recent work performed using EDXD techniques 
andwiggler-producedsynchrotronradiationon beamline 
X17C are reviewed in this article. 

Since iron is the main component of the earth’s 
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Figure 2 X17C: Constraints for the phase diagram of iron. 
Various symbols indicate the phases of iron as determined by in 
sifu x-ray diffraction at high pressures and temperatures: liquid 
iron (1 ), &-Fe (m ), &‘-Fe (A), yFe (s), and new crystalline (n). The 
area indicated by the large rectangle constrains the location of 
the a-y liquid triple point. The hatched area indicates the P-T 
region of which the E’ phase forms between 15 and 40 CPa. 
Previously reported phase boundaries are also reproduced for 
comparison: melting lines are reproduced from R. Boehler, 
Nature, 363,534, (1993) (upper dashed lines), from S. K. Saxena, 
C. Shen, P. Lazor, Science, 260, 1312, (1993): ibid. 264, 405, 
(1994), ( upper dotted line, and from Q. William ef al., Science, 
236,181 ,I 987, (dashed-dotted line), and e-b boundaries are 
shown from R. Boehler, Nufure, 363,534, (1993), (lower dashed 
line) and from S. K. Saxena efal., Science, 260,1312, (1993); ibid 
264,405, (1994) (lower dotted line). ( C. S. Yoo, J. Akella, A. J. 
Campbell, H. K. Mao, and R. J. Hemley,Sc-ience, 270,1473,1995). 

Iron sulfide (FeS) has been found in 
many meteorites and is a possible compo- 
nent of the cores of Earth, Mars and other 
terrestrial planets. In models simulating 
the internal structure of the planets, accu- 
rate determinations of phase relations and 
densities of FeS at high pressure and high 
temperature are required. Previous phase 
transformations of FeS were performed at 
high pressure and at ambient temperature. 
Y. Fei and his colleagues from CIW using 
synchrotron x-ray diffraction measure- 
ments showed that FeS transforms to a 
hexagonal NiAs superstructure with axial 
ratio (c/a) close to the ideal packing ratio 
of 1.63 at high pressure and high tempera- 
ture. They also determined the densities 
of FeS IVat high pressure and temperature 
and used these data to evaluate the depth 
of the Martian core-mantle boundary and 
the sulfur content of the core. Figure 3 
shows the EDXD diffraction spectra ofthe 
different phases of FeS and Figure 4 the 
experimentally determined phase 
diagram.[see Y. Fei, C. T. Prewitt, H. K. 
Mao, and C. M. Bertka, Science, 268, 
1892-1894, (1995)]. 

GPa and Figure 2 shows the phase diagram of iron. Iron 
in the hexagonal close-packed (hcp) phase (&-Fe) is stable 
from 50 to 110 GPa at high temperatures. The wide 
pressure range stability of &-Fe indicates that this poly- 
morph should be the most relevant solid phase for earth’s 
core. [see C. S. Yoo, J. Akella, A. J. Campbell, H. K. Mao, 
and J. R. Hemley, Science, 270, 1473, (lYY5)]. 

S. K. Saxena and his colleagues from the Institute of 
Earth Sciences, Uppsala University in collaboration with 
CIW using apparatus similar to the foregoing, showed 
that E-phase transforms to another phase (possibly a 
polytype double-layer hcp) at a pressure of about 38 GPa 
and at temperatures between 1200 and 1500K. This 
information has important implications for the phase 
relations in the earth’s core. [see S. K. Saxena, L. S. 
Dubrrovinsky, I?. Haggkvist, Y. Cerenius, G. Shen, and 
H. K. Mao, Science, 269, 1703-1704, (1995)]. 

The equation of state and phase sta- 
bility are the most fundamental properties 
in the understanding the physics of mate- 
rials at ultra high pressures. However, the 
reliability of equation of state determina- 
tions at large compressions is uncertain 
because the stress state at multimegabar 
static pressures is not well understood. 

Duffy, Hemley and Mao from CIW using synchrotron x- 
ray diffraction in a diamond anvil cell determined the 
equation of state, elasticity and shear strength of magne- 
sium oxide to 227 GPa. Their equation of state can 
describe ultrasonic, shock, and static compression for 
MgO. They showed that it is possible to characterize 
material strength and elastic anisotropy at ultra high 
pressure directly from diffraction data. Their results also 
show that there are significant changes in the degree and 
character ofthe elasticanisotropy ofMg0 at high pressure 
and that the strength at high pressures differs significantly 
from predictions based on low-pressure measurements. 
[seeT. S. Duffy, R. J. Hemley, andH. K. Mao, Whys. Rev. 
Lett., 74, 1371, (1995)l. 
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(Mg,Fe)SiO, perovskite is the predominant phase 
of the lower mantle and the most abundant mineral in 
Earth. C. Meade, H. K. Mao and J. 2. Hu from CIW 



search Laboratory (NIU) have studied a number 
of high temperature superconductors, in search 
of evidence of structural inhomogeneities. By 
illuminating the samples with 10 pm beam, 
small changes in the c-axis lattice were detected 
and were interpreted as evidence of variations in 
the oxygen content in YBaaCu,O,s . For all 
samples, the data reveal small structural varia- 
tions on a spatial scale 10 to 20 pm, heretofore 
not seen. For the YB~CLI~O,~ the observed 
effect is believed to be due to changes in oxygen. 
In the case of N%sXCeXCuO,-+ the observed 
structural variances are interpreted in terms of 

Energy (keV) 
Figure 3 X17C: Energy-dispersive x-ray diffraction 
spectra of the high-pressure-temperature phase of FeS 
(FeS IV) (upper spectrum) and the high pressure phase 
(FeS Ill) (lower spectrum). The diffraction pattern of FeS 
IV was indexed with a hexagonal cell. The hkl indices 
are indicated from for each diffraction peak. The peak 
positions for FeS Ill are indicated by the interplanar d 
spacing in A. [Y. Fei, C. T. Prewitt, H. K. Mao, and C. M. 
Bertka;Science, 268,1892, (1995)I. 

changes in the Ce content. These results empha- 
size the need for caution in interpreting experi- 
mental results for high temperature supercon- 
ductors (HTS). As the smaller beam sizes are 
achieved, they are likely to observe significant 
structural defects in sub-pm length scales. Ide- 
ally, as spatial resolution increases, more subtle 
questions regarding the nature of the defect 
structures and their origins can be answered [see 
Skelton et&, PIE 2516,1GO,1995]. 

Skelton and associates from the Naval Re- 

studied the crystallography of Earth’s lower mantle 
using synchrotron x-ray diffraction from a laser- 
heated diamond anvil cell. Their experiments show 
that silicate perovskite maintains its orthorhombic 
symmetry at 38 GPa and 1850K. Their measure- 
ments at 65 and 70 GPa provide evidence for a 
temperature-inducedorthorhombic-to-cubicphase 
transition and dissociation to an assemblage of 
perovskite and mixed oxides. If these phase transi- 
tions occur in Earth, they will require a significant 
change in mineralogical models ofthelower mantle. 
[see C. Meade, H. K. Mao, and J. 2. Hu, Science, 
268, 1743, 19951. 

Some of the other highlights of the work from 
CIW include the work of Duffy etal. on the single- 
crystal of brucite, Mg(OH),, to 14 GPa in a quasi- 
hydrostatic pressure medium using a DAC and 
EDXD synchrotron x-ray diffraction [see T. S. 
DuQ, J. Shu, H. K. Mao, and J. R Hemley, Pbys. 
Chem. Minerah, 22, 277, 199 51. They proposed 
the structural change in brucite is driven by a 
destabilization of the H substructure as the materi- 
als are compressed. No evidence was found for a 
transition involving the Mg-0 substructure over 
the pressure range of the experiments. 

Pressure (GPa) 

Figure 4 X17C: Experimentally determined phase 
diagram of FeS. Experimental data (reported only near 
the phase boundary) are represented by symbols. (m) 
FeS I, NiAs-type structure with a (43a,Zc) unit cell; (1) FeS 
II, MnP-type structure; (0) FeS Ill, monoclinic?; (s) FeS IV, 
NiAs-type structure with a (2a,c) unit cell. [ Y. Fei, C. T. 
Prewitt, H. K Mao, and C. M. Bertka, Science, 268,1892, 
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Energy (keV) 

Figure 5X1 7C: EDXD spectra of 8.2nm particle size PbS 
taken at different pressures. The onset of cubic-to - 
orthorhombic transition at a pressure of 30.0 kbar can 
be realized. 

G.S. Cargill III and P.C. Wang from Columbia Qadri et al. from NRL initiated the work to deter- 
University in collaboration with IBM Research and BNL 
Applied Science are developing a system for measuring 
strain, microstructure and composition using EDXD 
with micron or submicron spatial resolution on beamline 
X2GC. They use 5 to 30 keV photons collimated and 
concentrated by a tapered glass capillary. [See their 
abstract under X26C abstracts]. In their experimental 
setup the Laue patterns are measured using an area CCD 
detector while the lattice spacings and compositions are 
measured using an energy sensitive Si detector. 

The Pd-H system is probably the most extensively 
investigated of all metal-hydrogen systems. Nevertheless, 
some of its properties at high hydrogen concentration still 
remain unexplained. Skelton etal. from NRL using up to 
80 keV x-ray photons monitored the crystallography of a 
microspot 18x1 O-l2 m3 in volume, as D was electrochemi- 
tally loaded into a 1 mm diameter Pd wire. Because of the 
penetrating power of the high energy x-ray photons 
available on X17C, this spot could be located anywhere 
within wire. Using this, the a-p transition induced in the 
Pd by the absorption (or desorption) of D was monitored 
from the outer edge to the core of the wire. Results show 
that, although the a-phase forms rapidly at both the 
surface and core, there is considerable delay in the initia- 
tion of the P-phase at the core compared to that at the 
surface. 

1G 

mine the effect of nanometer size particles on the pressure 
induced phase transitions. For this the PbS particles were 
synthesized by a new technique. The three-dimensionally 
periodic and interconnected mesomorphous structure of 
a bicontinuous cubic phase was controlled through the 
pore size and ionic diffusion. The particles were extracted 
from the lipid micro structure and capped with thiol 
molecules. Their size and crystallinity were characterized 
by TEM and XRD. The high pressure studies were 
performed using polychromatic x-rays on X17C at NSLS. 
At 2.5 GPa pressure and room temperature, PbS trans- 
forms from the NaCl-structure to an orthorhombic phase. 
This transition is sluggish and accompanied by a large 
hysterisis. The results show a significant increase in the 
on-set of the transition pressure as the particle size was 
reduced. Figure 5 shows a series of EDXD spectra of PbS 
samples of 8.2 nm particle size as a function of B 
increasing pressure. q 



X-RAY MICROSCOPY 

General 
The XlA x-ray microscope beamline serves an in- 

creasing number of users, to the point where beam time is 
oversubscribed. Activities which have been reported on in 
previous years continue to see further development. In 
the coming year, the beamline will be upgraded to have 
two, independently controlled monochromators with an 
optimized design providing increased flux and mono- 
chromaticity. This will lead to a downtime of several 
months, but increased productivity afterwards. 

The Stony Brook group continues to carry out 
studies involving imaging and chemical state mapping in 
biological samples. Also, at Stony Brook, a new scanning 
x-ray microscope system is being developed by J. Maser et 
al. in which the specimen will be held at liquid nitrogen 
temperature in a vacuum chamber. This will allow the 
examination of biological specimens which have been 
frozen with water in an amorphous (rather than crystal- 
line) state, leading to more faithful specimen preparation 
and improved radiation robustness. Commissioning of 
the system began at the end of the year, and first cryo 
experiments are expected in the coming year. 

The North Carolina State group has continued 
studying various polymer samples in collaboration with 
Dow Chemical, AlliedSignal and DuPont. X-rayAbsorp- 
tion Near Edge Structure, or XANES, microscopy is 
ideally suited for the study of multicomponent polymers 
and their morphology, structured and layered polymer 
systems, as well as the microchemical characterization of 
precipititates of unknown chemical composition. Soft 
X-ray Transmission microscopy operated in the XANES 
mode is also an excellent tool for acquiring high quality 
spectra from a variety of polymers which would be diffr- 
cult to accomplish otherwise due to problems with sample 
preparation. Linear Dichroism microscopy has been 
utilized to semi-quantitatively determine the lateral order 
of Kevlar fibers. 

New Zone PLztes 
In collaboration with Don Tennant ofAT&T Bell 

Laboratories, Steve Spector and Chris Jacobsen of Stony 
Brook have recently made new zone plates for the scan- 
ning transmission x-ray microscope which have an outer 
zonewidthof30 nm as opposed to the previously available 
45 nm (the resolution scales with zone width). These zone 
plates were fabricated using a new electron beam lithog- 
raphy system at Bell Labs, and were patterned by etching 
germanium. Present efforts are aimed at boosting the 
efficiency up to the level predicted by theory, and at using 
nickel plating for zone plate fabrication. 

Dark-jekd Imaging 
The Scanning Transmission X-ray Microscope 

(STXM), located at beamline XlA, usually forms absorp- 
tion images of biological specimens using Fresnel zone 
plates. The wavelength is tuned to where there is a large 
difference in the x-ray absorption of carbon and oxygen to 
image micron-thick cells in water, for example. Signals 
other than absorption can be used to form an image, such 
as in dark-field imaging where only the x-rays scattered by 
the specimen are detected. Studies by Henry Chapman, 
Chris Jacobsen, and Jenny Fu (all of the department of 
Physics, SUNYatStony Brook) haveshownthatdark-field 
imaging is a particularly sensitive way of imaging 
colloidal-gold labels in cells. These small (on the order of 
20 nm in diameter) particles can be bound to specific 
antigens, genetic sequences, cellular organelles, or pro- 
teins so that specific functions of a cell can be localized. 
The techniques are highly developed in the electron 
microscopy community for labelling thin sections of cells, 
but whole cells are too thick to be imaged by electrons. 
Dark-field x-ray microscopy forms the bridge between 
fluorescence confocal microscopy and electron micros- 

copy. 
Even though the label particles are smaller than the 

resolution of the microscope they are still easily detected 
in the dark-field mode. A whole human fibroblast cell is 
shown in Figure 1 which has had the protein tubulin 
labelled with colloidal gold. The image is actually a 
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composite of a bright-field image and 
a dark-field image. The bright-field 
signal is shown in grey-the color indi- 
cates thex-ray absorption, mainly due 
to carbon. The dark-field signal is 
shown in red, and reveals only micro- 
tubules (fibers composed of tubulin). 
The same cell was also examined in an 
electron microscope. While the reso- 
lution was much better, the electron 
microscope could not show the mi- 
crotubules in regions of high carbon 
density, such as across the nucleus. 
The cell was prepared and labelled by 
Karen Hedberg, University of Or- 
egon. 

Phase retrieval of images col- 
lected in the STXM at beamlineXlA 
has been achieved by applying the 
new method of Wigner-distribution 
deconvolution. This research, by 
Henry Chapman of SUNY at Stony 
Brook, has yieldedveryaccurate high- 
resolution images of the phase and 
amplitude of thex-ray transmission of 
various specimens, such as the 
OS-micrometer-diameterlatexsphere 
shown in the Figure 2. 

To determine the x-ray phase retardation of an 
object, microdiffraction patterns (or coherent 
convergent-beam diffraction patterns) are collected in the 
STXM with a CCD detector. As the specimen is scanned 

Figure 1 Xl A: Composite of dark-field and bright-field image of 
whole humanfibroblast cell. Measurements made by Chapman 
et al. 

At the U2B beamline there have been a number of 
studies using the IR microspectrometer which is a 
Spetra-Tech IRuS instrument operated by 
Northrop-Grumman Corporation and the NSLS. This 
instrument operates at a spatial resolution close to the 
diffraction limit, i.e in the 3-l 5 micron range. It has been 
used for studies of materials ranging from semiconductors 
(Larry Carr, Northrop-Grumman) to human hair (Dave 
Wetzel et aZ., Kansas State U.) to minerals (Nicole 
Guilhaumou, Laboratoire de Geologie URA 13 16, Paris, 
France and Paul Dumas LURE-CNRS, Centre 
Universitaire, Paris-Sud) . 

IR MICROSPECTROSCOPY 

General 

Phase Retrieval Experiments 

in two dimensions, a 2-D microdiffraction pattern is 
collected at each point in the scan. The map of intensity 
recorded in a single element of the CCD versus the 
specimen position is a coherent image that can be thought 
of as being formed by a self-interferometric process. By 
four-dimensional Fourier transformation, the ensemble 
of images is analysed to find the relative phases of all pairs 
of image points that are separated by particular displace- 
ment vectors, from which a phase map can be determined. 
This method has also been used to map the phase errors 
(aberrations) of an Fresnel zone pate at the x-ray wave- 
length at which it is used for forming images, and for 
measuring the mutual coherence of an x-ray beam. In 
addition, super-resolved STXM images could be acquired 
by this method in making use of the high-angle diffraction 
data. 

Semiconductors and Devices 
Larry Carr of Northrop-Grumman has studied the 

ternary II-VI semiconductor compound CdZnTe, which 
is used for both electronic and optical applications. 
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Figure 2 XIA: (a) An image of the phase retardation 
of 400 eV x-rays transmitted through a 0.5- 
micrometer-diameter latex sphere, and a plot (b) 
from that Image compared with the calculated phase. 
In (c) is part of the data set of coherent images 
collected in the STXM used for retrieving the phase. 
The location of each image in the grid is indicative of 
the location of the CCD pixel from which that image 
was formed. The nine images with bright 
backgrounds, for example, were recorded by CCD 
pixels that are illuminated by the annular pupil of the 
zone-plate. Each image is 1.5 micrometer wide. 
Measurements made by Chapman et a/. 

The studies are of the material in wafer form. 
Precipitates of Te were found in the material. These 
precipitates are only about 10 microns in diameter and 
thus beyond the capability of conventional IR 
microspectroscopy. 2-D maps can be made using the 
difference in transmission of Te in the IR as a contrast 
mechanism. In another study, Larry Carr also studied 
epi-layers for opto-electronic devices, and particularly 
those called vertical cavity surface emitting lasers. These 
are complex patterns of layers of III-V semiconductor 
compounds grown epitaxially on GaAs. These particular 
devices will see applications as flat panel displays. 

Human Hair 
Dave Wetzel(Kansas State University), in conjunc- 

tion with Kathryn Kalasinsky (Div. of Forensic Toxicol- 
ogy, Armed Forces Inst. ofPathology, Washington, DC), 
has been studying drugs of abuse and their metabolites, 
deposited in human hair. The spatial resolution of a few 
microns permits drug traces to be mapped within thin 
longitudinal hair sections. Furthermore 5 microns corre- 
sponds to about 20 minutes of hair growth, so that the 
timing of drug use might be able to be determined. These 
studies are diffkult since the absorption strength of the 
carbonyl band for example, a product of cocaine use, is 
only a few tenths of a percent. However the brightness 
and stability of the source do permit these measurements 
to be made. 

Fluid Inchions in Rocks 
Nicole Guilhaumou (Laboratoire de Geologie URA 

1316, Paris, France) and Paul Dumas (LURE-CNRS, 
Centre Universitaire, Paris-Sud) have studied fluid inclu- 
sions in oil-bearing mineral samples. These inclusions are 
in fluorite and were indeed found to contain oil, and CO, 
as bubbles. Measurements of the integrated intensities for 
the respective vibrational modes, allow chemical maps to 
be obtained for each component within the fluid inclu- 
sion. In Figure 3 (See Section Divider on Page 88) we 
show a photograph of an inclusion and then maps for the 
oil and the CO, (namely the antisymmetric stretch mode 
of CH, at 2920 cm-’ and the symmetric stretch mode of 
CO, at 2335 cm-‘). One clearly sees the location of these 
two components inside the inclusion. The relative inten- 
sity is related to the local density. If the oil is homoge- 
neous, the various intensities are related to the thicknesses 
of the areas probed. In addition, the frequencies of the 
modes change with pressure, opening up the possibility of 
determining the pressure-temperature situation when the 
inclusions were formed. One can also test for water and 
in this case, no water bands were detected inside the 
inclusion. 

Towam Near-Field IR Microspectroscopy 
At the present time, the spatial resolution achieved 

at the IR microspectroscopy facility at beamline U2B is 
limited by diffraction to the wavelengths in use, i.e from 
3 - 15 microns. Near-field microscopy is a method for 
extending this spatial resolution by confining the light to 
a structure smaller than the wavelength, typically through 
the use of tapered light guides. However, such structures 
are often highly inefficient and appropriate only for very 
high brightness sources such as lasers. In a study using a 
13 micron pinhole to confine the beam, Larry Carr found 
that it was possible to drive waveguide modes in the 
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pinhole structure, resulting in an enhanced 
throughput for particular wavelengths. 
This is illustrated in Figure 4a, which 
shows the transmitted intensity pattern as 
a function of illumination position across 
the pinhole. Each panel represents an 
intensity “map” for a particular wave- 
length. At the top left is the case where the 
wavelength is short compared to the pin- 
hole, so normal geometric optics describe 
the situation. At top right, the wavelength 
is 7 microns and two regions of enhanced 
throughput are observed. The pattern 
suggests that an 0 1 mode is being excited 
within the pinhole structure. Similarly, a 
single central region of enhanced through- 
put is observed for wavelengths near 14 
microns, indicating that the 00 mode is 
excited. Coupling to such modes is one 
method for improving the throughput 
while confining the light to a size substan- 
tially smaller than its wavelength. An 
understanding of the transmission prop- 
erties of this and similar structures should 
be useful in optimizing an efficient 
near-field tip structure for 
microspectroscopy with synchrotron ra- 
diation. Extending this concept to smaller 
dimensions, in Figure 4b we show the 
ratio of 2 transmission spectra through a 3 
micron pinhole, which in the absence of 
noise would give a straight line at 1. It can 
be seen that good performance is obtained even for 
wavelengths to almost 3 times the pinhole size. The actual 
spectrum is shown in the inset. 
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Figure 4a U2B: (a). Towards near-field IR microspectroscopy. 
Intensities measured through a 13 micron pinhole at various 
wavelengths by Larry Can’, (Northrop-Grumman). 

Over the past year, 2-D slices as well as volume 
renderings have been obtained for pore structures of 
several seal rockand oil reservoir core samples provided by 
Mobil Corporation. The pore structure of the samples 
were resolved to 3 microns. Other samples analyzed at 
this CMT facility atX27C include meteorites, lead sulfate 
crystals growing in a glass matrix, and synthetic rock. 
Figure 5 (See Cover) shows a volume rendering of a test 
sample of 100 micron diameter glass spheres in a capillary 
of 5 micron wall thickness. 

Microtomography 
A computed microtomography users’ facility is pres- 

ently being developed at X27C with the support of BNL’s 
Computing and Communications Division (CCD), Mobil 
Corporation, and GTE. The facility will provide 
non-destructive volumetric images of specimens of vari- 
able size with resolutions from 1 to 100 microns, depend- 
ing on the instantaneous field of view. The facility pres- 
ently includes a 12-bit digital ccd camera to capture 2-D 
radiographs of each view angle. These radiographs are 
then processed within a reconstruction program to create 
2-D slices. The slices can be stacked to create a volume 
rendering using graphics programs such as Data Explorer, 
Iris Explorer or IDL. A user facility under development 
at CCD will also allow stereoscopic viewing of the recon- 
structed volumes in the near future. 

X-RAY FLUORESCENCE MICROPROBE 

The X2GA x-ray fluorescence microprobe can map 
trace elemental distributions of ppm concentrations at a 
spatial resolution of about ten micrometers and has been 
used by .%a Bajt, Steve Sutton (CARS, U. of Chicago), 
Patterson Nuessle (SREL, U. of Georgia) and collabora- 
tors for a variety of systems from biology to geology. 
Increasingly, the microprobe is also being used for x-ray 
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absorption spectroscopy measurements when both good 
spatial resolution and the sensitivity are required. Scien- 
tists from the Earth, planetary, and environmental sci- 
ences are still the major users of the beamline, although we 
observed increased interest among scientists from 
agronomy and forestry departments. 

The X2GA x-ray fluorescence microprobe can map 
trace elemental distributions of ppm concentrations at a 
spatial resolution of about ten micrometers and has been 
used by Sas’a Baj t and collaborators for a variety of systems 
from biology to geology. Increasingly, the microprobe is 
also being used for x-ray absorption spectroscopy mea- 
surements when both good spatial resolution and the 
sensitivity are required. Scientists from the Earth, plan- 
etary, and environmental sciences are still the major users 
of the beamline, although we observed increased interest 
among scientists from agronomy and forestry depart- 
ments. 

experiments using trace ele- 
ment analysis andmappingwas 
performed on garnets by 
SUNY at Stony Brook (For 
Figure 6 See Section Divider 
on Page 64). Major element 
compositional zoning in gar- 
nets (of the elements Fe, Mn, 
Mg, and Ca, for example) is 
commonly used to evaluate the 
pressure, temperature, and re- 
action history ofmetamorphic 
rocks. The garnets in this rock 
display smooth increases in Fe 
abundance (30 to 38 wt. % 
FeO) and decreases in Mn 
abundance (5 to 0.4 wt. % 
MnO) from the core to the 
rim. Such zoning profiles are 
common in garnets and are 
typically interpreted as the 
product of a single 
garnet-forming reaction dur- 
ing a single episode of meta- 
morphism with increasing 
pressure and temperature. 
However, what the synchro- 
tronx-ray fluorescence (SXRF) 

scans show is that, unlike major elements, trace elements 
such as Y display oscillatory zoning which varies by orders 
of magnitude in abundance (3 to 4000 ppm). These 
variations in trace element zoningcorrespondwith changes 
in textural zoning within the garnet defined by the abun- 
dance of inclusions, something the major element zoning 
does not do. Thus, both textural and trace element zoning 
profiles suggest that these garnets grew from discontinu- 
ous reactions. 

1000 1500 2000 2500 3000 

Frequency [cm-‘] 

Figure 4b U2B: Reproducibility (noise) as a function of wavelength 
through a 3 micron pinhole showing the increased performance at 
shorter wavelengths due to the wave-guiding, near-field effects discussed 
in the text. The actual spectrum is shown in the inset. 

Trace element zoning was studied also in alpha and 
beta quartz to understand their significance for the origin 
of comb layering in porphyry inclusions (US Geological 
Survey). A continued study on determination of trace 
element composition ofstratospheric interplanetary dust 
particles (large versus small) and observation of Br loss in 
these particles as a function of time for which particles 
were exposed to the synchrotron radiation was performed 
(SUNY at Plattsburgh and CARS). 

In addition to a solid state detector, fluorescence has 
also been detected with a wavelength dispersive spectrom- 
eter (WDS). This has enabled a study of intracrystalline 
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rare earth element (REE) distributions in fluoroapatite. 
Observed partitioning of REEs argues against differential 
incorporation due to growth rate anisotropies but it 
supports the proposed model that differences in the 
atomic structure between ~00 1 > and <O 1 1 > steps leads to 
differential incorporation in apatite (SUNY at Stony 
Brook). A reversal in the REE partitioning trend was 
observed for Pr and Nd suggesting than ion size has an 
effect on the partitioning between nonequivalent steps. 
Another study focused on the three dimensional spatial 
resolution of compositionally distinct growth sectors and 
subsectors in mineral crystals. These sectors andsubsectors 
preserved a record ofsurface processes and growth mecha- 
nisms. The goal of this study at the moment is to explain 
topaz crystal growth on a molecular scale (SUNYat Stony 
Brook). 

The determination of ferric/ferrous ratios in mi- 
crometer regions on amphiboles and glasses using the 
energypositionofthepre-edgepeakinFeXANES spectra 
showed a good agreement with the results obtained by 
Mossbauer spectroscopy and wet chemistry techniques. 
This confirms previous results that the position of a 
pre-edge peak in the absorption spectrum is not very 
sensitive to the coordination geometry when using appro- 
priate standards (Rutgers U. and CARS). Another way of 
looking at the near-edge region is studying pre-edge 
inelastic scattering using a WDS (BNL and CARS). 
Further progress has been made on determination of the 
structure and speciation of zinc complexes in individual 
fluid inclusions (only about 50 microns in size) using 
micro-EXAFS. Experiments at elevated temperatures, up 
to 350 degrees Celsius, were done with a well calibrated 
heating stage. The results suggest that Zn complex re- 
mained predominately ZnCld2-, the dominant complex of 
Zn observed at room temperature, but further experi- 
ments at even higher temperatures are underway (South 
West Missouri State U., St. FrancisXavier U. and CARS). 

Environmental studies included determination of 
oxidation states of Cr contaminated solid particles and the 
effrciencyofinsituCr reductionmethods. Cr(VI)/Cr(III) 
ratios could be probed on particles as small as 40 microns 
and near-edge structure was correlated to EXAFS mea- 
surements (SREL). The effect of oxidation state on chro- 
mium leaching for a contaminated/stabilized soil was also 
studied by a group from the US Army Corps of Engineers 
and scientists from Purdue University. The Savannah 
River Ecology Institute group conducted time resolved in 
situ Fe XANES measurements on clay minerals which 
catalyze the oxidation of organo-boron complexes used in 
reclamation of radio-Cs contaminated nuclear waste. 
Another type of time resolved in siti experiment was 
carried out to track selenium and chromium transport 
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and reduction across the boundary between ponded wa- 
ters and sediments (LBL) . The results showed reduction 
of Se(VI) to Se(IV) and ultimately Se(O) within specific 
zones in the sediments and were consistent with 
diffusion-limited transport calculation. Micro-XANES 
ruled out the possible formation of colloidal Se(O) and 
organ0Se compounds in these ponded waters. The 
chromium oxidation state was studied in a CCA pressure 
treated wood and it has been found that Cr was reduced 
to pure C?+, on the surface and in the inner part of the 
wood (Forestry Dept., U. of Wisconsin). Iodine XANES 
measurements were acquired in a He environment to 
study iodine sorption on different minerals. Intriguing 
results showed that magnetite, biotite and pyrite (Fe rich 
minerals in this study) underwent different reactions 
when in touch with iodide or iodate solutions as com- 
pared to Fe poor minerals (BNL). 

In addition, a new 13 element Ge detector was 
successfully used to collect data with a 10 micron mono- 
chromatic collimated beam to study olivine grains from 
chondrites (primitive meteorites that usually contain mm 
sized spheres called chondrules) that are usually only 
20-50 microns in size and have very low concentrations of 
Cr (U. of New Mexico and CARS). Without the 13 
element Ge detector this experiment would be impos- 
sible. The results obtained are significant because, based 
on the fact that transition of CP to CP+ occurs over aver-y 
narrow range of oxygen fugacity, the micro-XANES 
approach may lead to highly sensitive method for deter- 
mining the redox conditions of formation for individual 
chondrules. 

Plant and Wood DSeme; 
The blast disease of rice, caused by the fungus 

Pyrkuhria gfiea, is one of the most important plant 
diseases worldwide because rice is a major source of food 
for 60% of the Earth’s population. Manganese is an 
essential mineral element for photosynthesis, lignin syn- 
thesis, and other plant metabolic functions in its Mn2+ or 
Mn3+ forms, but when oxidized to Mn4+ it precipitates as 
physiologically unavailable Mn oxides and hydroxides. In 
the healthy areas of the leaf all of the Mn is in the 
physiologically available Mn2+ form. In the blue area, 
which corresponds to the lesion in the photograph Figure 
7,80% of the Mn is present as Mn4+ (See Section Divider 
on page 96). Thus most of the Mn in the lesion is in the 
unavailable Mn4+ form. Oxidation of soluble Mn2+ to give 
insoluble Mn4+ oxides may be the first step in the mecha- 
nism bywhich the fungus infects healthy plants. Ifso, this 
research may provide important new information for 
combating this devastating plant disease. 



Manganese near-edge spectroscopy was also used to 
study the effects of two different fungi on wood (Forestry 
Dept., U. of Wisconsin). One study was an in vim 
measurement of the Mn oxidation states on wood that 
had been attacked by a tree disease fungus. The other was 
to study a very dangerous white-root fungus (wood decay 
fungus). The results suggest that these quite different 
funguses both contain enzymes that oxidize Mn2+ to 
Mn4+. 

Electrochemistry 
The x-ray fluorescence microprobe was used to 

study the corrosion resistance of stainless steels. Presence 
of molybdenum in stainless steels is believed to improve 
the corrosion resistance, and different models have been 
proposed on how and why this happens. Some models 
suggest that molybdenum forms a salt layer during the 
dissolution ofthe steel, and this process was studied in&u 
atX2GA. Scanning the beam across the steel, asalt layer on 
the steel, and the concentrated dissolution products within 
an artificial pit, concentrations changes of the constituent 
alloying elements were monitored. Results suggest that 
the salt layer was mainly formed by iron chloride and not 
molybdenum therefore negating proposed corrosion in- 
hibition by a molybdenum forming salt layer (BNL). 

On the X26C beam line an experiment was pre- 
formed using x-ray fluorescence with high energy resolu- 
tion spectrometer (total energy resolution of 1 eV or 
better). The analysis of x-ray fluorescence with this high 
energy resolution can provide detailed information on the 
electronic structure of the sample in addition to quantita- 
tive elemental analysis of the sample. Preliminary results 
from a series of chromium oxides demonstrate the sensi- 
tivity of this technique to the oxidation state of the sample 
(NSLS and CARS). 

LITHOGRAPHY 

Extreme Ultra-Violet Projection Lithography 

AT&T Bell Labs continues to progress on beam line 
Ul3UB with the development of Extreme Ultraviolet 
Lithography (EUVL). The technique is the diffraction 
limited imaging ofcircuit features with dimensions around 
1OOnm using multilayer coated mirrors and light of 
wavelength around 13nm. The technique is one of the 
main contenders for the new lithography technology that 
is scheduled to be required around the turn ofthe century. 
The AT&T EUVL program at Brookhaven is part of a 
larger coordinated effort involving Intel, AMD, Sandia 
National Laboratory, Lawrence Livermore National Labo- 
ratory, Lawrence Berkeley National Laboratory, and 

Sematech. This year Kiyosho Fujii ofNEC, who has been 
working on EUVL for over a year, joined the AT&T 
group. 

The main progress this last year has been the assem- 
bly and commissioning of a new EUVL printing camera 
capable of imaging over a large field (For Figure 8, See 
Section Divider on Page 73). Significant progress has 
also been made on the interferometry techniques that are 
required to be developed in this wavelength range. The 
13nm interferometer based on U13UB has demonstrated 
that lateral shearing phase measuring interferometry can 
measure the wavefront of 13nm light to 0.02 waves rms. 
This is the required accuracy for measuring the wavefront 
at the image plane of EWL cameras and represents one 
of the important first steps in the establishment of EW 
interferometry. 

LIGA 
In recent years the technique of LIGA, a German 

acronym which translates to X-Ray Lithography, Electro- 
plating, and Plastic Molding, has emerged as the cutting 
edge technology in the manufacture of small, 
high-precision mechanical devices. 

At the NSLS, the X-Ray Ring provides a unique 
opportunity for the utilization of hard x-rays to extend 
high precision manufacturing using lithographic tech- 
niques to length scales on the order of centimeters. 
Conventional LIGA techniques typically yield structures 
less than 500 mm thick. The deep penetration of hard 
X-rays in the resist provides the additional opportunity to 
fabricate true 3-D objects with re-entrant geometries, in 
contrast to the 2-D structures typical of standard LIGA 
techniques. 

A research program based on this technique is 
currently being developed at the NSLS R&D beamline 
X27B by E. Johnson, P. Siddons, and C. Milne. Current 
activities are focused on resist exposure and processing 
parameters with a view to optimizing device quality. 

23 



Craig E. Thorn 
BNL Physics Department 

Since beginning operations in 1990, the Laser 
Electron Gamma Source facility (LEGS) has routinely 
produced tagged-photons up to 330 MeV by backscat- 
tering laser light from 2.58 GeV electrons circulating in 
a storage ring of the National Synchrotron Light Source 
at BNL. Work is underway that will increase the energy 
to 470 MeV. The chief distinguishing characteristics of 
LEGS are the very high degree of polarization (~90%) of 
its photon beams, accompanied by very low back- 
grounds. The LEGS facility was constructed by its BNL 
staff, assisted by a group from Frascati National Labora- 
tory, Italy. The small BNL contingent shoulders most 
of the burden of the maintenance and operation of 
LEGS, as well as organizing the development of the new 
instrumentation needed to maintain state-of-the-art ca- 
pabilities. 

Carrying out a research program requires a much 
larger group and collaborations with other institutions 
are essential. The “LEGS Collaboration” consists of 
BNL, Frascati, and five Universities: Rome-II, Virginia, 
VirginiaPolytechnic Institute, South Carolina, and Ohio. 
This LEGS Collaboration has been responsible for +2/3 
of the scientific research. The remaining l/3 has been 
conducted by enlarged collaborations, including LEGS, 
with “outside” spokespersons of proposals that undergo 
a review process. (A basic requirement for approval of 
LEGS experiments is that polarization observables make 
a significant impact on the physics questions being 
addressed. This has resulted in a strong coupling to 
theoretical models and a focus on light nuclei.) 

POLARIZED COMPTON SCATTERING 
FROM THE PROTON 

New precision measurements of cross sections and 
polarization asymmetries in Compton Scattering of po- 
larized photons from protons at 90” c.m. are presented 
for incident energies between 2 13 and 333 MeV. A long 
standing problem with earlier experiments that appeared 
to violate unitarity at the peak of the A is resolved. These 
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data have been compared to theories based on baryon 
resonance structure and to dispersion relations. Recent 
calculations using the proton polarizabilities are closest to 
the data, although inconsistencies are observed near the A 
resonance. 

Elastic (Compton) scattering ofintermediate energy 
photons from the proton is a potentially rich source of 
structure information. It is sensitive to the proton’s 
electric and magnetic polarizabilities, to the deformation 
of the nucleon through the electric @IA coupling, and 
even to the sign of the ~0 decay constant, FR . There are 
many published calculations for Comptonscattering. These 
can be grouped into two general categories, those based on 
the baryon resonance spectrum or its underlying quark 
structure, and those relying upon unitarity and dispersion 
relations to phenomenologically describe elastic scattering 
in terms of photo-pion production. These calculations 
give significantly different predictions, particularly in the 
region of the A resonance. 

A lower unitarity bound on the Compton cross 
sections, which avoids the uncertainties of dispersion 
calculations, can be constructed by using n-production to 
evaluate the imaginary parts of the amplitudes while 
setting their real parts to zero. Beyond this, minimal real 
parts can be formed from the s- and u-channel Born and t- 
channel no-pole graphs. These exercises lead to a common 
conclusion. Previously published data near the peak of the 
A resonance, and particularly at 90” center of mass (c.m.), 
appear to completely exhaust these bounds, if not violate 
them, and leave no room for the t-channel dispersive 
contributions. 

The chief experimental background to Compton 
scattering comes from the ~(p,no)p channel, where one 
high energy photon from no-decay is detected. The cross 
section for this process is -200 times that expected from 
Compton scattering. Both the p(y,y)p and the p(y,~o)p 
reactions are completely specified by two kinematic 
observables. In this measurement, six quantities were 
measured: the beam energy, the scattered y-ray energy, the 
polar and azimuthal angles of the recoil proton, and the 
proton’s TOF and energy. This large degree of kinematic 
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over-determination has two im- 
portant consequences. First, it 
guarantees an accurate separation 
of the two competing channels, 
even at high beam energies. Sec- 
ondly, it enables all detector effl- 
ciencies to be evaluated directly 
from the data itself, without re- 
sorting to simulations and thus 
avoiding their associated uncer- 
tainties. 

The spin-averaged Compton 
cross sections for 90” c.m from the 
present work (LEGS Exp. L8), 
corrected for finite detector accep- 
tances, are plotted as the solid 
circles in Figure 1 together with 
previous results. There have been 
two other recent measurements of 
the Compton cross sections. At 
the Saskatchewan Accelerator Lab 
(SAL), simulations were used to 
extract the component from scat- 
tered bremsstrahlung (open 

Figure 1: Spin-averaged Compton cross sections for 90” c.m. (see 

circles), while in measurements 
text for full description). 

with tagged photons at Mainz 
(cross in Figure l), highly colli- 
mated detectors were used to iso- 
late coincidences. Both are consis- 
tent with our results. Data from 
the earlier Cornell/G1 , TokyolG4, 
Illinois/G7, and Bonn/76 experiments at energies higher 
or lower than the A peak are either consistent or slightly 

NEW MEASUREMENTS OF D(y,p)n AND 
SPIN PROBLEMS IN COUPLED NA/NN 

lower than the new group of measurements from LEGS, INTERACTIONS 
Mainz and SAL. Why these earlier results are so dramati- 
tally lower near the resonance energy is not known. 

The solid curve in Figure 1 is a prediction using the 
model of L’vov, in which recent (y,p) multipoles have 
been used to calculate the imaginary parts of the scattering 
amplitudes while low energy measurements of the proton 
polarizabilities have been used to fK the dispersion inte- 
grals. This gives a reasonable description of the new data, 
except for an over-prediction near the A peak. The dotted 
curve restricts the real parts to their Born and 7co-pole 
values, and the dashed curve gives the unitarity bound 
obtained by setting the real parts to zero. Although 
slightly lower bounds have been obtained with other pion 
multipoles, all are significantly higher near the A peak 
than the four points from Cornell/G 1, TokyolG4, 
Illinois/G’/ and Bonn/76 Although these four measure- 
ments appear to be in quite good agreement, we assert that 
they are, nonetheless, quite wrong. 

New precision measurements ofthe reaction D(y,p)n 
taken with tagged, polarized photons, and covering a wide 
angular range, are presented for incident energies between 
113 and 3 15 MeV. In the region of the A resonance, the 
photodisintegration observables can potentially be used 
to probe the NA interaction. Coupled-channel calcula- 
tions are in agreement with cross sections measured with 
linear polarization parallel to the reaction plane but fail to 
account for data taken with perpendicular kinematics. 

Although the A isobar dominates nuclear reactions 
from pion threshold to about 1 GeV, its interaction with 
the nucleon is still poorly known. Microscopic reaction 
models necessarily require a consistent treatment of the 
NA and NN interactions. While the parameters of the 
NN force can be directly determined from nucleon scat- 
tering data, the NA interaction must be inferred from 
processes such as nD+nNN andnD+NN for which the 
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Figure 2: Angular distributions at 300 MeV for the two 
orthogonal spin state of the D(y,p)n reaction (see text for 
full description). 

A plays a prominent role in the intermediate state. Be- 
cause of the strong coupling of the A to nN, realistic 
models must satisfy three-body unitariry, connecting 
reactions starting from NN, EA or TA entrance channels, 
and leading to NN, nA or pNN final states. Several such 
calculations have been developed in recent years. In these 
works, the nD+nD and nD+NN cross sections are 
reasonably well described, primarily because quasi-free 
scattering dominates there. However, pion and photon 
absorption channels have proven to be more challenging. 

In the y+N system, delta excitation 
is almostpurelyM1, althoughwhen trans- 
formed to the deuteron-CM many mag- 
netic as well as electricmultipoles contrib- 
ute. The dotted curves in the figures have 
been calculated by decomposing the el- 
ementary M,+ (isospin-3/2) multipole of 
y+N into a sum of Born and resonant 
terms. The resonance part was param- 
eterized with a Breit-Wigner shape and 
the yNA coupling was extracted from the 
fit to the M,+ (3/2) amplitude, as deter- 
mined from N(y,p) data. In the y+A CM 
frame, all mulripoles with L14 were in- 
cluded. In this fitting procedure, the yNA 
coupling was allowed to be both complex 
and energy-dependent, thereby absorb- 
ing the effects of pion-rescattering, while 

preserving unitarity. The result reproduces the general 
features of the cross sections and polarization observables, 
particularly the shift of the resonance position from the 
free NA value (317 MeV) which is due mainly to pion- 
rescattering, and the negative asymmetry in the region of 
the resonance which reflects the spin dependence of the 
elementary ‘y+N amplitudes. Nonetheless, the dotted 
curves significantly underestimate the data in the region 
of the delta resonance. 

The predicted effects of the NA interaction are of 
course largest near the energy of the A resonance, and 
polarization observables are expected to be rather sensitive 
to the NA potential. The reaction D(y,p)n can provide an 
interesting test for NN/NA coupled-channel models since, 

as first noted by Leidemann and 
Arenhovel, both the cross section and the 
beam-polarization asymmetry are sensi- 
tive to the NA force. Unfortunately, 
comparisons with existing data have 
tended to be somewhat inconclusive due 
to a rather large spread in published re- 
sults. Correlating the comparisons with 
cross sections and asymmetries, which 
might help remove some of the ambigu- 
ities, has been problematic because the 
two have never been measured in the same 
experiment. We present here highlights 
of recent measurements of the D(y,p)n 
reaction at the LEGS facility, which are 
the first to directly measure (r,, and ol. 
Angular distributions at 300 MeV for the 
two orthogonal spin-states are shown in 
Figure 2. 

The discrepancy between these predictions and the 
data increases with energy, suggesting that the method of 
decomposing the amplitudes into background and reso- 
nant components is incomplete. Greater flexibility in the 
models can be obtained by dropping the Born terms in the 
y+N amplitudes and refitting a modified yNA coupling of 
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theelementaryM,+ (3/2) multipole, now purely resonant, 
to N(y,p) data. Such a procedure has the potential for 
double-counting pion-exchange current (z-MEC) con- 
tributions. This effect has been estimated and the associ- 
ated uncertainty is shown as the light-shaded band. Since 
the amplitudes certainly must contain non-resonant terms, 
the improvement obtained with this effective coupling 
suggests that the use of static K-MEC is inadequate and 
non-local effects are important. 

In the region of the A resonance, the band of curves 
corresponding to the modified yNA coupling are centered 
slightly above the total cross section data, while their 
predictions at 90” are consistently low. This is due to a 
depression in the calculated angular distributions near 
90”, which grows with energy. A similar “90’-dip” is a 
common feature of most yA+pn calculations near 300 
MeV, even appearing in earlier works that did not include 
coupled-channel treatments. 

The behavior of the cross section measured with 
parallel kinematics (Figure 2, bottom), is quite well 
reproduced by the calculation with the modified yNA 
coupling, and even the fitted-yNA curve has the correct 

predictions for the perpendicular spin orientation (Figure 
2, top). Although interference with the Born amplitudes, 
which contain high angular momentum components, can 
potentially affect angular distributions, this is evidently 
not the origin of the 90” depression since the fitted-yNA 
calculation, which explicitly includes the Born terms, has 
a similar shape. In addition, the modified-yNA predic- 
tions for are consistently higher than the data at forward 
and backward angles, although both the calculations and 
the data for converge to the values at 0” and 180" where 
the azimuthal polarization angle becomes undefined. 

At present, there is no clear explanation for the 
success of the coupled-channel calculations in one polar- 
ization kinematics and their failure for the orthogonal 
state. Spin observables provide a considerably more 
sensitive test of the angular momentum modeling than 
cross sections. Although the model parameters of the 
calculations discussed here were fitted to NN phase shifts, 
all assumed static NN potentials, with retardation effects 
included only in the NA and NN-NA-transition poten- 
tials. The additional use of retarded potentials in the NN 
interaction could significantly alter the angular momen- 

shape. The apparent “90’-dip” arises entirely from the turn decomposition. - 

CDC 
Pb Glass Pn Bars End Cap Target 

XTAL Box 
Comer Nal 

- y Begm 

Fotwkrd XTAiBox 
Wire Chambers Face Nal 

Figure 3: SPHICE, a Strongly Polarized Hydrogen and Deuteruim ICE Target, and SASY, the 
Spin ASYmmetry Array, at LEGS. 
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In summary, precise values for the cross section and 
beam polarization observables in deuteron photodisinte- 
gration are now available throughout the energy region 
sensitive to the NA force. Static-NN coupled-channel 
calculations are in good agreement with the new data 
taken in parallel kinematics but fail to reproduce the 
perpendicular polarization state. The inclusion of retar- 
dation, particularly in the n-MEC, and possibly an ex- 
plicit treatment of 2n-channels, may be some of the more 
hope&l avenues to reconciling theory and experiment. 

THE DRELL-HEARN-GERASIMOV SUM 
RULE AND SPIN POLARIZABILITY OF 
THE NUCLEON 

A new phase of LEGS, with experiments beginning 
in 1996, will focus on measurements of double-polariza- 
tion observables. This will involve a order of magnitude 
increase in the complexity of experiments and the associ- 
ated instrumentation. The new collaboration responsible 
for the development of this phase - the LX, or LEGS- 
Spin Collaboration - consists of -45 physicists (including 
7 graduate students) from BNL, seven US Universities - 
(Christopher Newport, NorfolkState, Ohio, SouthCaro- 
lina, Syracuse, Virginia Polytechnic Institute & SU, and 
Virginia), and five European institutions (Frascati, 
Genova, Giepen, IPN-Orsay, and Rome-II). The new 
experiments will utilize the highly polarized LEGS pho- 
ton beams and SPHICE, a frozen-spin hydrogen and 
deuterium target. An +80% 47~ detector for neutrals and 
charged hadrons, SASY (the Spin ASYmmetry array) will 
be constructed for these measurements. A drawing of 
SASY and SPHICE is shown in Figure 3. Much of 1996 
will be devoted to preparing for this new phase of activity. 
SPHICE represents an innovative new technology for 
polarized targets and its fabrication requires considerable 
preparation. First targets should be available at the 
beginning of 1997. Installation of the “core” elements of 
the SASY detector - large arrays of NaI(Tl), Lead Glass, 
and Plastic Scintillator - will take place early in 1996. The 
full design, including a superconducting solenoidal mag- 
net and a Time Projection Chamber, will be installed by 
the end of 1997. 

SPHICE, a Strongly Polarized Hydrogen and Deu- 
terium ICE Target, represents a new technology utilizing 
molecular HD in the solid phase. The coupling between 
the nucleon spin and the atomic lattice, which is primarily 
through molecular rotations, causes the spin allignment 
to relax back to the unpolarized state. This represents the 
chief limitation on conventional “frozen-spin” targets. 
However, the heteronuclear HD molecule, consisting of 
non-identical particles, does not have any restrictions on 
the orbital and spin angular momenta and hence can be in 
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the molecular-rotation state J=O, independent of the H or 
D spin orientations at low temperature. Thus, the spin- 
lattice coupling, and the corresponding relaxation rates, 
are exceedingly small and imply a sample whose spins 
would remain “frozen” for many days even at 4°K. 

The forward Compton cross section for initial and 
final photon polarizations E and E’ has been given by 
Gell-Mann, Goldberger and Thirring as, 

where 0 is the target spinor.-The spin independent,f(a2), 
and spin dependent, g(~“) , amplitudes can be expanded 
in a Taylor series, 

f(02)=fO)+f (0)02 + O(a4) 
g(a2)=g(0)+T$(O)02 + O(a4) 

where the prime-symbol indicates differentiation with 
respect to w2. Here,f(O) is the Thomson scattering limit 
that corresponds to oscillating the nucleon up and down 
with the electromagnetic field of the photon. f(O) is 
identified with the sum of the electric and magnetic 
polarizabilities of the target and measures how the con- 
stituents of the target rearrange themselves in response to 
the applied electromagnetic field. In analogy, g’(0) is 
referred to as the spin-dependent polarizability of the 
nucleon. The GGT dispersion relations provide a sum 
rule for this spin polaizability ($, 

Here ~r,~ and OsR are the total reaction cross sections 
measured with the photon helicity oriented opposite to 
the nucleon polarization or parallel to it, respectively. 
Another GGT dispersion relation can be written down for 

kTK9 3 M 

Low, Gell-Mann and Goldberger (LGG) have evaluated 
g(0) in terms of K, the anomalous magnetic moment of 
the target, 

g(o) = -CXK2/2m2 

Drell and Hearn, and independently Gerasimov (DHG), 
have noted that under the assumption g(m) = 0, a sum rule 
is obtained that relates these polarized reaction cross 
sections to the anomalous magnetic moment of the target, 

DHG = ~“O,,-O,~~CO = -wK2 

00 w In2 

In a recent work by members of this group, [Whys. 
Rev., D50, R6681, (1994)], these integrals have been 
evaluated using the FA93 photo-pion multipole analysis 
of the VP1 group to predict the spin dependent cross 
sections. This multipole set extends out to 1.7 GeV, and 



the integrals appear to have converged above about 1.2 izability, comparisons can be made with Chiral perturba- 
GeV. The result ofthese calculations for the average ofthe tion theory. Relativistic-calculations for Y have been re- 
proton and neutron sum rules are summarized in Table 1. ported that include all diagrams to the one-loop order, 
(In the literature the DHG sum rule is usually broken up excluding those involving a delta. The delta effects are 
into vector, V, scalar, S, and mixed vector-scalar, VS, large, and they have estimated the contributions from the 
components. The proton-neutron average corresponds dominant diagrams. The result, -98 x lo-G fm4, is within 
to the VS sum rule.) The FAP3 prediction of -225 ~10~ 14% of the FAP3 evaluation. This is very encouraging 
fm2 (or pb) for DHG,, shows impressive agreement agreement, although the final word must await a calcula- 
(2.7%) with the value expected from the anomalous tion which includes all delta contributions to the same 
magnetic moments, -2 19 x 10” fm2. For the spin polar- order. 

Table 1: Multipole predictions forthe yand DHC sum rules on the proton +neutron, compared with chiral perturbation 
theory predictions for y and with the magnetic moment predictions for DHC. 

. 

XPT FAP3 (WI-SAID) --(K~+K~)T 

Yv+s=I/2(Yr+YJ -98x1O-G fm4 -86x1cG fm4 

DHG,=l/2(DHGp+DHGJ -225x10” fm2 -219x1O-4 fm2 

Since in xPT the delta contributions for the neutron and the proton are the same, the uncertainties in the one- 
loop calculation disappear when we consider the difference, 1/2(proton-neutron). These results are summarized in 
Table 2. Now, the relativistic one-loop value for Y is in impressive agreement with the FAP3 evaluation. However, 
in sharp contrast, the predictions for Y are very different from the magnetic moment values - both in sign and a factor 
of 4 in magnitude. 

Table 2: Multipole predictions for the difference sum rules, 1/2(proton - neutron), compared with chiral perturbation 
theory predictions for y and with the magnetic moment predictions for DHG. 

XPT FAP3 (WI-SAID) - (KS - Kff$ 

Yv+s= I /2(Yr-YJ -52 x lo-G fm4 -48 x 10TG fm4 

DHGv+s=1/2(DHGpDHGJ -65 x 10” fm2 +15x lOA fm2 

The results in Table 2 are quite puzzling. In but as yet unidentified resonance; or a constant level of - 
principle, the different energy weightings of the and 
integrals admit the possibility that contributions above 
the 1.7 GeV limit of the VP1 data base could bring the 
value up to that expected by the sum-rule, without 
appreciably affecting. However, 1.7 GeV is already so 
large that such differences would have to be huge in order 
to overcome the energy weighting. For example, 200 mb 
between 2 and 3 GeV, which would require a prominent 

20 mb extending out to 100 GeV, which would be much 
larger than the contributions of the resonance region in 
which the isospin structure of the D and N* states can be 
expected to enhance the proton-neutron difference. Apart 
from such scenarios, which seem highly unlikely, there are 
only two other possibilities. Either a) both the two-loop 
corrections to the spin polarizability are large and the 
existing multiples are wrong, or b) modifications to the 
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DHG sum rule are needed to fully describe the isospin 
structure of the nucleon. 

It is possible that the two-loop corrections to the 
calculations for y are large. Although this is not usually 
the case for expansions, it would not be without prece- 
dence. This would imply that the multipoles would have 
to be modified. Changing the multipoles would poten- 
tially affect the predictions for a variety of observables. 
Although it is possible to imagine complicated alterations 
that would leave cross sections and single-polarization 
observables largely unaffected, several double-polariza- 
tion observables would have to change significantly. As 
yet, there are no measurements of these quantities. 

Alternatively, if the multipoles are basically correct, 
then the DHG sum rule requires at least a modification of 
the form, 

and the simplest choice for the correction factor would be 

c=2~*[9$4 -g,w1> withgr(w) =-g”(w) 2h. In other 
words, contrary to the original DHG assumptions, gr 
and would tend to nearly equal but opposite constants at 
high energy. The physical origins ofsuch constants would 
be quite interesting, although other choices for have also 
been proposed. The DHGvs integral is just the Q’ = 0 
limit ofthe Bjorken sum rule integral, and C= 0 has been 
assumed in modeling its Q’ evolution. The Q” depen- 
dence of a possible non-zero g(-) remains to be consid- 
ered. 

This is a challenging question that will be pursued 
in planned experiments at many different laboratories. 
Since the key physics issues with the least model depen- 
dence are in the proton-neutron difference, each ofwhich 
involves cross section differences themselves, considerable 
care must be taken by the experimenters to minimize 
systematic uncertainties. The approach at LEGS is to 
carry out the proton and neutron measurements 8 

simultaneously with the new polarized target, El 

SPHICE. 

LEGS is supported by the U.S. Department ofEnergy under Contract DE-AC02-76CHOOO 16, by the Instituto 
Nazionale di Fisica Nucleare, Italy, and by the U.S. National Science Foundation. 
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STUDIES OF BIOLOGICAL MATERIALS 
Lonny Berman 
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HOLOGRAPHY 

In x-ray holography, the wavefield diffracted by a 
specimen is mixed with a reference wave to encode its 
amplitude and phase in a hologram. A team including S. 
Lindaas and M. Howells from Lawrence Berkeley Na- 
tional Laboratory, and C. Jacobsen and S. Spector from 
SUNY at Stony Brook, has used the coherent soft x-ray 
beam from theXlA undulator beamline to record in-line 
holograms on photo resists. The developed photo resist 
encodes the x-ray intensity distribution as a surface relief 
pattern on photo resist. Thus, the hologram, which has 
no inherent magnification, is well suited to being recov- 
ered by using a specially-built, linear field atomic force 
microscope to “read” the photo resist. The image is then 

reconstructed by Fresnel transformation of the digitized 
hologram in a computer (iterative algorithms are also 
under development for reduction of the so-called “twin 
image” present in these in-line holograms). By this 
approach, 40 nm resolution images of fibroblasts have 
been obtained, and experiments will soon begin aimed at 
recording holograms of frozen-hydrated specimens using 
a cryo-holography system. 

MACROMOLECULAR 
CRYSTALLOGRAPHY 

Figure 1 X12C: A representative electron density map of the 
a,, peptide crystal. See text for full description. 

On beam line X4A, 12 new MAD (multiwave- 
length anomalous dispersion) phased structures werepub- 
lished in the past year (see X4A publication list). The 

method was extended by the assortment of ele- 
ments now being used for MAD experiments. 
Of the structures reported, 8 were heavy atom 
derivatives (6 Hg, 1 Yb, and 1 U), 3 
selenomethionine-substituted, and the final one 
a Zn-containing protein. The energy range for 
experiments was extended to the U M, edge at 
3.728 keV (3.326 A) (Y. Liu and W. 
Hendrickson, unpublished) at the low energy 
end to the U LIII edge (17.17 keV, 0.72 A) at the 
high energy end. At the low energy end, the 
experimenters showed the feasibility of exploit- 
ing the large (80 electron) anomalous signal. In 
the U LIII d e ge experiment, the structure of the 
cell surface adhesion molecule cadherin was 
determined (L. Shapiro, A.M. Fannon, P.D. 
Kwong, A. Thompson, M.S. Lehmann, G. 
Griibel, J.-F. Legrand, J. Als-Nielsen, D.R. 
Colman, and WA. Hendrickson, Natire, 374, 
327-337, [19951). 

During the past year, data collection for 
MAD experiments on beamline X12C has be- 
come essentially automatic. The user prepares a 
script to define the data collection, including the 
use of the “Friedel flip” to measure Bijvoet pairs 
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Figure 2 Xl 2C: The solvent-accessible surface area of the outside (a) and inside (b) of the TYMV virion 
as visualized by GRASP (A. Nicholls, K. Sharp, and B. Honig, Profeins, 11,281-296, [I 9911). The virion is 
made up of 180 copies of the 21 kD coat protein, arranged icosahedrally. The pentameric and hexameric 
units of coat protein are nearly indistinguishable on the outside of the virion, but are very different on the 
interior. 

if necessary; then, the sofiware rakes over. At each 
wavelength change, the absorption spectrum of the heavy 
atom is measured, the feature of the spectrum that defines 
a data collection wavelength (inflection point, peak, etc.) 
is analyzed, the monochromator is set to that feature, and 
data collection proceeds. Several MAD structures have 
been solved with this method. 

An exciting result from Xl2C, that was made pos- 
sible by its versatile kappa diffractometer, was the direct 
solving of a 450-atom structure. This was the a, peptide, 
solved by G. PrivC of the University of Toronto and D. 
Eisenberg of UCLA. This peptide was designed to form 
an alpha helix and to self-assemble into a four-helix 
bundle. Data were taken from a crystal of the peptide to 
a resolution of 0.92 A while it was kept frozen at 100 K. 
The structure was solved by the direct method known as 
“shake-and-bake,” developed by the Hauptman group in 
Buffalo. The resulting structure shows four antiparallel 
helices. A representative electron density map from this 
structure, revealing the atoms of a leucine residue, is 
shown in Figure 1. 

One of the classic structures in all of structural 
biology has been turnip yellow mosaic virus (TYMV), 
having been studied for over 50 years. In the 196Os, 
Caspar and Klug determined its surface structure in some 
of their earliest work on reconstruction of viruses from 
electron micrographs. In work done by M.A. Canady, A. 
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McPherson, and co-workers from the University of Cali- 
fornia at Riverside, the structure of this virus has been 
solved to 3.2 8, resolution, using techniques that have 
becomestandard forvirus crystallographers (isomorphous 
replacement and molecular averaging). Many of the data 
used to solve the structure were measured at X12C. Use 
of the long working distance and 2 O-angle tilt of the 
X12C diffractometer allowed data to be collected to 3.0 A 
resolution, even with one of the unit-cell edges being over 
500 A. 

The overall structure of TYMV is similar to that of 
other spherical viruses, with the surface of the virion 
displaying very prominent protrusions at the icosahedral 
fivefold and pseudo-sixfold axes (see Figure 2). These 
protrusions correspond to the pentameric and hexameric 
units of the coat protein (Figure 3). The structure of the 
monomer has the same so-called jellyroll fold as the plant 
viruses and several animal viruses such as polio and the 
common cold (Figure 4). TYMV is an interesting model 
for study ofvirus assembly because it has unusually strong 
protein-protein contacts. Also, it is able to release its RNA 
in vitro; it loses a pentamer or hexamer from the protein 
capsid. The research team predicts that it is most likely a 
pentamer that leaves, uncorking the virus to allow RNA 
release, since the pentamer makes fewer contacts with the 
protein capsid. This finding will lend insight to the study 
of the viral life cycle in infected cells with the prospect of 
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Figure 3 X 12C: The pentameric (3a) and hexameric (3b) units of the TYMV capsid. The primary structure of the 
monomers is identical, but because they are placed in different environments in the capsid they each have a 
slightly different conformation. This is most evident at the N terminus, which crosses under the hexameric units 
but is disordered at the pentamer. This figure was generated using MOISCRIPT, described by P.J. Xraulis, /.A@. 
Crysfalogr., 24,946-950, [I 9911). 

saving the lives of turnips worldwide. 
Turning to another MAD experiment, the structure 

of a specific complex between the ~50 subunit of the 
transcription factor NFKB and DNA was solved using 
X25 and X4A, by C.W. Miiller, F.A. Rey, M. Sodeoka, 
G.L. Verdine, and S.C. Harrison of the Howard Hughes 
Medical Institute and Harvard University (work reported 
inNature, 373,311-317, [1995]). Inparticular, thevery 
high intensity available at X25 was essential to the success 
of this project. Three orthogonal views this complex are 
shown in Figure 5 (see Section Divider on page 8). The 
~50 protein(365 amino-acid residues in the form shown 
here) binds to DNA as a dimer. Its polypeptide chain 
(represented as a ribbon) folds into 2 domains (colored 
yellow and red). The amino-terminal domain(yellow) 
contains most of the segments that interact specifically 
with DNA; the carboxy-terminal domain (red) mediates 
dimerization. The DNA(blue) contains 11 base pairs. 

LAUE DIFFRACTION CRYSTALLOGRAPHY 

Recent work on X26C by B. Stoddard of the Uni- 
versity of Washington involved the trapping of steady- 
state intermediates by the clever choice of site-directed 
mutants. The reaction investigated was that catalyzed by 
isocitrate dehydrogenase (IDH). The reaction proceeds 
in two steps. The first is the transformation of isocitrate 
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to oxalosuccinate, an intermediate that had never actually 
been observed before this experiment. The second is 
conversion of this to a-ketoglutarate. Each of these is 
catalyzed by a different portion of the enzyme. The 
workers were able to prepare site-directed mutants of the 
enzyme that blocked first one, then the other step of the 
reaction. Then they determined the structure of the 
intermediate states of the enzyme through use of the Laue 
diffraction method. Crystals of both mutants of IDH 
were mounted in flow cells. Diffraction data were taken 
first on the apo-enzymes, i.e. with no substrate nor 
cofactors present in the solution. Then the reactants were 
flowed into the cell and full three-dimensional data were 
taken. The species that were to be observed should 
represent a steady-state accumulation of intermediates of 
the reaction. The importance of using this rapid method 
for data collection was that the crystals themselves were 
not stable in the presence of the reactants-only a short 
time was available to take the data before the crystals fell 
apart. 

The results of the two experiments are revealed in 
Figure 6. On the left is shown the accumulation of the 
reactants NADP+ towards the bottom and isocitrate 
complexed to a magnesium ion at the top and towards the 
rear. Accumulation of the supposed intermediate 
oxalosuccinate is revealed in the right hand side of the 
figure. The dramatic difference that is seen between the 
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Figure 4 X12C: The monomer of the TYMV 
capsid. The fold of the TYMV monomer is the 
canonical jellyroll fold, an 8 stranded p sheet. 
This fold has been found in almost every virus 
structure solved to date. The finding that the N 
terminus was interior to the virus was surprising, 
since immunological work had placed it on the 
exterior. TheTYMV coat protein is unique in that 
it has an unusually high number of prolines 
(10.5% of the residues). Very few prolines are 
found in the ordered secondary structure; rather, 
they are concentrated at the ends of the p 
sheets, at the beginnings of the helices, and 
mostly in the outer loops. This figure was 
generated using MOLSCRIPT. 

two halves of the figure arises from the loss of electron The author wishes to acknowledge the contribu- 
density in the portion of the NADPH molecule that tions to this section by Stephen Harrison (Harvard U.), 
includes the nicotinamide ring and its phosphate back- Chris Jacobsen (SUNY@Stony Brook), Craig Ogata 
bone. This structure confirms nicely the appearance ofthe (Howard Hughes Medical Institute) and Bob Sweet (BNL 
oxalosuccinate intermediate, which had only been pro- - Biology). B 

posed before this experiment. E!a 
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Figure 6 X26C: See text for description. 
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I. INTRODUCTION 

The promise of using the pulsed nature of synchro- 
tron radiation (SR) for time-resolved investigations, en- 
visaged since the inception of dedicated storage rings, is 
being firlfilled by a stable community of users at NSLS. A 
wide variety of experiments, encompassing the full range 
of available photon energies, from far-infrared to hard x 
ray, are presently carried out on gases, liquids, solids, and 
surfaces. The time domain ranges from subnanosecond, 
limited by the synchrotron pulse duration, to 100’s of 
nanoseconds, limited by the synchrotron interpulse pe- 
riod. These parameters depend on which ofthe two rings 
at NSLS, the X-Ray or the VUV, is employed and are 
listed in Table 1. 

Most pulsed, time-resolvedstudies require that only 
one electron bunch circulate in the X-Ray (WV) Ring 
rather than the usual 25 (7). The need for only one bunch 
(1-B) depends on the experiment. For example, the 
longer time window available between SR pulses in 1-B 
fills (see Table 1) may b e necessary to record long time 
decays. S imi ar y, 1 1 a long time window circumvents 
overlapping photoion time-of-flight spectra. Finally, the 
number of photons per pulse increases in 1-B operations, 
by factors of *3 on the WV Ring and + 10 on the X-Ray 

Table 1: NSLS Storage-ring characteristics relevant to time-resolved experiments. 
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Ring, with a concomitant improvement in signal for 
experiments with duty-factor limitations imposed by 
detectors or, in the case of some pump-probe studies, by 
low pump-laser repetition rates. The 1-B fills are sched- 
uled for only limited periods to ameliorate the impact on 
other users caused by the reduced lifetime and iriected 
current. The X-Ray Ring is formally schedule- cI 
days of 1-B operations per year. Timing opera 
VW Ring are scheduled with less formality: 8 or I _ 
shifts, dependent on day ofweek, are requested a week in 
advance. 

Highlights of work performed on each ring are 
presented below. 

II. VUVRTNG 

U9B 

The time-dependent fluorescent emission from bio- 
logical molecules reveals important information on their 
photophysical and structural properties. Most biological 
molecules begin absorbing only in the UV, requiring 
excitation with pulsed synchrotron radiation if conve- 

Radio Maximum 
Frequency number of 

(RF) bunches 

Minimum 
interpulse 

period 

Maximum 
interpulse 

period 
(single 
bunch) 

Nominal 
pulse 

duration 
(MHM) 

VUV Ring 53 MHz 9 l9ns 170 ns 1.5 ns (a) 
(750 MeV) 

i X-Ra (2.5 8 eVl Ring 53 MHz 30 19ns 566 ns 0.6 ns (b) 

(a) With 4th harmonic cavity powered, trapezoidal profile. Pulse lengths of 200 ps (calculated) expected in future 
special operations. 
(b) Single bunch, 90 mA beam current. 
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nient tunability of the ex- 
citation energy is desired. 
When performed with 
photon energies less than 
the 7-eV water cutoff, 
fluorimetry is a desirable 
approach since natural 
aqueous environments 
may be employed. John 
Sutherland (BNL-Biol- 
ogy) and coworkers have 
been examining biologi- 
cal molecules such as pep- 
tides (protein building 
blocks) for some time us- 
ing a fluorimeter capable 
of measuring the time de- 
cay of fluorescence and its 
polarization at preselected 
fluorescent wavelengths. 

200 230 nm 

Until recently, map- 
ping out the wavelength 
dependence of the fluo- 
rescence decay time re- 
quired time-consuming 
accumulations for each 
discrete wavelength, lead- 
ing to inevitable gaps in 
emission wavelength and 
often necessitating that 
spectral resolution be 
compromised in order to 
reduce the time for each 

Figure 1 U9B: Example of fluorescence excited by synchrotron radiation pulses of 
290- nm wavelength as obtained with the new fluorimeter on U9B. The fluorescent 
intensity is resolved simolfmeously into time t (after excitation), wavelength h, and 
polarization. The data for fluorescence polarization parallel (4,) and perpendicular 
(h,) to the excitingsynchrotron radiation polarization are displayed as separate relief 
plots of intensity I vs. t and h. The seven distinct time spectra correspond to the seven 
bunches in the ring at the time of the measurement. The sample is outer surface 
protein A (Osp A), a major antigen of the Lyme disease bacterium, in water at 6O C. 
This protein contains a lone tryptophan fluophor, which is believed to initiate a 
conformation change once it absorbs. The data suggest that the new conformation 
does not include a rotation of the tryptophan residue since the transition-dipole 
moments do not reorient in time, i.e., I, does not grow at the expense of the initially 
populated moments which emit predominantly with Ill. The efficient data rates from 
the new instrument will provide detailed dynamical information on biological 
molecules. (Lisa A. Kelly, John Trunk, Junyan Shi, and John C. Sutherland). 

accumulation. As described in last year’s NSLS Activity 
Report, this is no longer the case with the commissioning 
of a new fluorimeter, capable of measuring the time decay 
spectrum simultaneously with an entire emission spec- 
trum. The instrument uses a two dimensional 
histogramming memory to associate the time of arrival of 
a fluorescent photon, detected with a microchannel plate 
(MCI’) at the output of the fluorescence spectrometer, 
with the photon’s position, detected with a position- 
sensitive anode placed after the MCI’ and over which the 
emission spectrum is dispersed. 

In the past year, a new capability was added which 
enables the measurement, also simultaneously, of changes 
in the polarization anisotropy of fluorescent emission. 
When a rigid molecule is excited with linearlypolarized 
light, it fluoresces predominantly with the same polariza- 
tion. However, since motion of the molecule after exci- 
tation will reorient the transition dipole, monitoring the 
fluorescence polarization both parallel and perpendicular 

to that of excitation provides a unique means of assessing, 
for example, time-dependent protein conformational 
changes. To obtain the polarization information simulta- 
neously, a Wollaston (double deviating) prism was intro- 
duced into the fluorescence optical train in order to 
separate the propagation directions of the two polariza- 
tions away from each other. This has the effect of 
producing two different wavelength spectra, one for each 
polarization direction, with one displaced above the other 
on the 2-dimensional position-sensitive anode at the 
output of the spectrometer. The fluorimeter thus now 
records in a four-dimensional space: fluorescence inten- 
sity I zrs. time, wavelength, and polarization. 

Figure 1 illustrates results obtained, inaequo at 6’ C, 
from the lone tryptophan component of outer surface 
protein A (Osp A), a major antigen to the bacterium 
responsible for Lyme disease. The time axis encompasses 
one round-trip time of the VUV Ring, which was operat- 
ing in 7-bunch mode so that seven distinct emission 



spectra, one for each pulse, appear. Fluorescence anisot- 
ropy is evident since I,, > IL. It is generally believed that 
a protein such as Osp A exhibits a conformational change 
in response to tryptophan photoexcitation. If as a result 
the tryptophan itself were to rotate, a time-dependent 
anisotropy would be observed, which these preliminary 
data suggest is not the case. 

Ul3 UA 
The many-body problem is pervasive in all of phys- 

ics. In fact, it is not too much ofan exaggeration to say that 
the lack of an exact solution to even the three-body 
problem is at the root of most theoretical attempts at 
understanding physical phenomena. 

During single-bunch operations, at least four re- 
search groups conducted timing experiments on as many 
beamlines during 19 9 5, with several groups working on 
more than one line. Historically, some beam lines have 
been used extensively during 1-B operations, and have 
even become oversubscribed. The result is that some 
groups perform experiments on several lines in order to 
obtain access to the relatively limited 1-B time. 

Helium is the simplest atomic three-body system, 
and therefore the simplest which can exhibit electron- 
electron correlation. As a result, photoionization of 
helium has long been used as a testing ground for under- 
standing correlation phenomena, such as autoionization, 
correlation-satellite production (shakeup) and double 
photoionization. At higher photon energies, Compton 
scattering can produce single or double ionization of 
helium with a cross section which dominates that of 
photoionization. Theoretical prediction of the energy 
dependence of the double photo- or Compton ionization 
of helium is a fundamental problem in atomic physics 
which requires solution of the Coulomb three-bodyprob- 
lem. 

At low energies (the double-ionization threshold is 
at 79 eV), many measurements have been made of the 
ratio ofhelium double to single 
photoionization cross sections. 
Recent theories which relate 
the ratio due to energetic 
charged particle impact, which 
is well-established experimen- 
tally, to that following photo- 
ionization near threshold, have 
concluded that theexistinglow- 
energy measurements are sys- 
tematically high. Jon Levin 
and co-workers have made he- 
lium ion time-of-flight mea- 
surements on Ul3UA extend- 
ing from threshold to 700 eV 
which are consistently below 
earlier measurements and in 
better agreement with theory 
(Figure 2). 

During the first beam time of a new proposal by 
Ralf Wehlitz (working with Letitia Pibida, Jon Levin and 
Ivan Sellin, U. Tennessee), electron spectra as well as 
electron-electron coincidence spectra have been obtained 
around the argon K edge. Monochromatized synchro- 
tron light intersected an effusive gas beam and electrons 
coming from this interaction region were detected with a 
cylindrical mirror analyzer (CMA) and a time-of-flight 
(TOF) spectrometer. The TOF spectrometer, whose use 
requires the availability of 1-B operations, and the CMA 
were mounted horizontally in a plane perpendicular to the 
photon beam. The CMA was equiped with a position- 
sensitive anode, thereby permitting measurement of the 
electron angular distribution. In order to detect electrons 
of low kinetic energies, the chamber was covered with p- 
metal on the inside. The electron spectra taken on the Ar 
ls-4p resonance reveal a complex structure of low kinetic 
energy Auger lines (particularly around 5 eV) not seen 
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Figure 2 U13UA: Near-threshold ratio of double to single photoionization of 
helium using monochromaticundulator radiation on U13UA (solid circles and 
solid triangles, present results) compared with available theory, as indicated, 
and published experimental results (from Jon C. Levin, C. Bradley Armen, and 
Iran A. Selling, Phys. Rev. La., in press). 
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Figure 3 X24A: L-MM Auger 
lines in coincidence with the 
K-4343 Auger line on the Ar 
1s + 4p resonance. The 
dotted line corresponds to 
the non-coincident spectrum 
of the same Auger group 
arbitrarily scaled to the 
coincident spectrum. 

Channel 

before. However, the intensity is too low for a detailed 
analysis of these Auger lines yet, but will be part of future 
investigations. The main goal of these investigations was 
to record the Ar L-MM Auger lines in coincidence with 
one K-LLAuger line to disentangle the complex structure 
of the L-MM Auger group. While the CMA was tuned to 
the K-LuLu Auger energy, the group of L-MM Auger 
lines was detected with the TOF spectrometer. The 
coincident L-MM Auger spectrum shows a different 
structure than the corresponding non-coincident spec- 
trum because of the decay-path selection in the first step 
(Figure 3). Further studies will include other “first-step” 
Auger lines (e.g. K-LM) and the angle correlation between 
the two outgoing Auger electrons. See also X24A Experi- 
mental Abstracts in this volume. 

x.24c 
Photoelectronspectroscopyisextendedfromaprobe 

of the ground state to one of the excited state through 
pump-probe photoemission. In this technique, a laser 
pulse first excites (i.e. pumps) electrons into normally 
unoccupied levels and a second W pulse, incident with 
controlled delay relative to the laser pulse, photoemits 
from the excited electron population. In this way the 
energies, wave vectors, and population dynamics of ex- 
cited states are accessible directly. The technique is 
usually practiced with laser-based W sources on metals 
and semiconductors. However, Jim Long(Naval Re- 
search Lab) and coworkers have extended the technique to 
include the use of synchrotron radiation and, most re- 
cently, to examine non-traditional materials such as the 
fullerene C,,. 
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Figure 4 displays results obtained from a 420 A film 
of CGO deposited in situ on a copper substrate and subse- 
quently photopolymerized at room temperature by expo- 
sure to copper-vapor laser pulses (hv=2.43 eV, 5-ns 
FWHM). The inset displays the photoelectron spectrum 
of excitons excited in the film, held at 84 K, by the same 
laser. For this spectrum, the laser pulses were overlapped 
in timewiththesynchrotronradiationpulses (hv=S.5 eV, 
0.6 ns FWHM). Single-bunch operations maximized the 
numberofsynchrotron-radiationphotonscoincidentwith 
the laser pulses, which had a repetition rate of G kHz, 
much less than the synchrotron rate of 1.8 MHz (single 
bunch). The center energy of the exciton band lies below 
the band gap of solid CbO, reflecting the energetics of 
exciton binding, lattice relaxation, and, possibly, trapping 
at defects. \ 

Exciton dynamics governs efficiencies for phenom- 
ena as diverse as photochemical reaction, energy transfer, 
nonlinear optical properties, and triplet and free radical 
formation, and can also yield other information about the 
state of a sample. In many systems, singlet excitons decay 
into lower-energy triplet excitons through intersystem 
crossing and thus a full dynamical knowledge requires 
tracking both singlet and triplet populations. Optical 
techniques, such as transient absorption or photolumi- 
nescence, are valuable dynamical probes but, in general, 
cannot form a complete picture because any one experi- 
ment exhibits vastly different detection sensitivities for 
singlet and triplets. In contrast, photoelectron spectros- 
copy enjoys equal detection sensitivities. The decay 
dynamics of the exciton populations in photopolymerized 
C,, films were examined by monitoring the strength of the 



peak in the photoelectron en- 
ergy spectrum (vertical line in 
the inset) as a function of the 
relative time between laser and 
synchrotron radiation pulses. 

In Figure 4, the micro- 
second decays were measured 
in25bunchoperations because 
long gate times could be used 
to integrate the signal over 
manysynchrotron pulses with- 
out distorting the decay pro- 
file; the nanosecond data (filled 
circles) necessitated single- 
bunch operations. Triplet ex- 
citons comprise the long-lived 
component, which is found to 
be consistent with exponential 
decay. At shorter times after 
the laser pulse, the decay is 
complicated by higher-order 
(e.g. bimolecular) kinetics due 
to the large (elOlg cma) exci- 
ton density. Coupled rate equa- 
tions describing singlets, trip- 
lets, and free carriers, when in- 
tegrated and fitted to the data, 
strongly suggest that both trip- 
lets and singlets contribute to 
the signal at early times. The 
singlet population converts to 
triplets through intersystem 
crossing (1 ns) and bimolecular 
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Figure 4 X24C: Photoelectron spectrum (inset) of excitons excited in a 
photopolymerized film of C,, by a 5-ns copper-vapor laser pulse and probed 
by a time-overlapped synchrotron pulse. Vertical bar denotes the energy, 
relative to the center of the highest occupied molecular orbital (HOMO), at 
which the time-dependent data in the main portion of the figure were taken. 
Numerical modelling strongly suggests that the data at short times (solid 
circles), taken in single-bunch mode, comprise both singlets, which decay 
within a few nanoseconds, and the long-lived triplets into which the singlets 
and free carriers convert. The kinetics are strongly influenced by the 
nonlinearities introduced by conversion scattering among the singlet, triplet, 
and free-carrier populations. The presence of triplets is confirmed by the long 
lifetimes (lo-20 ps) observed during 25-bunch operations (solid curve). (S. 
Chase, J. P. Long, R. Klaffky, W. R. Hunter, and M. N. Kabler). 

processes. Further analysis, including comparison of the 
different kinetics observed for polymerized and pristine 
(not shown) films, should yield new insights into exciton 
dynamics in molecular and polymeric solids. 

x25 
Despite the fundamental importance of the prob- 

lem, theoretical predictions of the ratio of double-to- 
single ionization of helium by high-energy photons have 
not converged (they vary by a factor of two). Jon Levin 
(with Brad Armen and Ivan Sellin, U. Tennessee) have 
conducted an ongoing program of research aimed at 
elucidating the roles of photoionization and Compton 
ionization in the 5-10 keV region, over which energy 
range Compton ionization gradually supplants photoion- 
ization as the dominant ionization mechanism, and 

Compton ionization alone from lo-20 keV. Single- 
bunch operations are critical for these measurements, 
which use the ring timing signal to differentiate between 
singly and doubly charged helium by time-of-flight meth- 
ods. Time-of-flight techniques which require detection 
ofan ejected electron can introduce systematic biases, and 
pulsing of extraction fields produces broad ion time-of- 
flight peaks, making discrimination against large-cross- 
section electron-impact ionization difficult. 

Because of the small double-ionization cross section 
(-mbarns at 20 kev), and low gas-phase target number 
density, the intense wiggler radiation available at X25 has 
proven crucial. Results to date have helped to differentiate 
among the several theories currently available (see X25 
Experimental Abstracts in this volume). 



UV PHOTOEMISSION AND SW.l~~A~~- -SCI.ENCE 
Steven Hulbert 
Chi-Chang Kao 
NSLS 

VALENCE BAND PHOTOEMISSION AND 
RESONANT PHOTOEMISSION 

Recently La,-XAXMn03 (A = Sr, Ca, Pb etc.) have 
attracted a great deal of attention because of the techno- 
logical implications of their large magnetoresistance as 
well as the intriguing phase transitions associated with 
magnetoresistance in this class of materials. High resolu- 
tion valence band photoemission and resonant photo- 
emission have been used to reveal the electronic structure 
changes associated with the ferromagnetic transitions in 
La,-X(Ca,Pb)XMn03 by J.-H. Park, C.-T. Chen, S.-W. 

Cheong, W. Bao, G. Meigs (AT&T Bell Labs), V. 
Chakarian and Y. U. Idzerda (NRL) at beamline U4B. As 
shown in Figure 1 (a), the overall valence band photoemis- 
sion spectra from both La,b.Ca,33Mn0s and 
La,,,Pb,,MnO, exhibit no changes with temperature. 
However, near the Fermi level, as shown in Figure l(b), 
a metallic Fermi edge clearly emerges with decreasing 
temperature for both samples. These data provide strong 
evidence that the ferromagnetic transition is closely re- 
lated to a metal-insulator transition. To further investi- 
gate the microscopic origin of this paramagnetic-insula- 
tor-to-ferromagnetic-metal phase transition, the authors 

also performed resonant photoemission near the 
Mn 2p absorption edge to enhance the Mn 3d 
contribution to the valence band. With decreasing 
temperature, an energy shift of 0.2 eV was observed 
for the lowest binding energy state, *AZ. From these 
findings, it is argued that the physical origin of the 
phase transition lies in the close interplay between 
the charge fluctuation energy for electron hopping 
from the Mn+3 site to the Mn+* site, and the spin- 
dependent electron hopping energy. 

4 2 4 2 

Binding Energy (ev) Binding Energy (ev) 

Figure 1 U4B: High-resolution temperature- 
dependent photoemission spectra of 
La,,,Ca,,,MnO, (left panels) and La,,7Pb0,,Mn0, 
(right panels) taken at 11 OeV photon energy: (a) 
wide range scans, (b) region near the Fermi level, 
and (c) Mn Zp,, edge on-resonant spectra. 
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Angle-Resolved Photoemission of Novel Materiak 

The electronic structure of low dimensional 
oxide conductors, organic superconductors, and 
wide band gap semiconductors is being studied 
using angle-resolved photoemission (ARP)by Kevin 
Smith and his group from Boston University using 
beamline U4A. Concerning the properties of the 
low dimensional oxides, the highlight of the year 
was the measurement of the full Fermi surface in 
Na,,gMo6017, a two dimensional conductor. A 
representative set ofARP spectra is shown in Figure 
2, while the full Fermi surface is presented in Figure 
3. Although primarily two-dimensional (2D) in 
nature, Na,,Mo,O,, displays numerous character- 
istics of a 1D conductor, in particular charge den- 
sity waves and periodic lattice distortions. The 
explanation put forth for this by Whangbo, et al. 
[(Science, 252, 96 (1991)] was that the material 



possessed so-called hidden Fermi surface nest- 
ing. Hidden Fermi surface nesting is where a 
true 2D Fermi surface can be viewed as a 
combination of quasi-l D Fermi surface struc- 
tures, all ofwhich can be linked by one nesting 
vector. Most of the Fermi surface in Figure 2 
can be constructed from two sets ofparallel 1D 
Fermi surfaces, running parallel the diagonals 
of the rectangular surface Brillouin zone. This 
measurement is the first direct confirmation of 
the validity of hidden Fermi surface nesting, a 
widely cited mechanism used to explain quasi- 
1D phenomena observed in quasi-2D sys- 
tems. 

Angle-resolved photoemission is also 
being used by Ph. Hofmann (ORNL) and E. 
W. Hummer (U. Tennessee) at beamline U12 
tostudytheelectronicstructureoftheBe(lOi0) 
surface, and by X. Xu, R. G. Jordan and S. L. 
Qiu (Florida Atlantic U.) at beamline U4A to 
study the surface electronicstructure of CuAu. 

k\,[OlO] (A-') 

Figure 3 U4A: The measured Fermi surface for Na,,Mo,O,, 

1 Na- ,Mo,O, -) hv = 18 eV 
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Figure 2 U4A: Angle-resolved photoemission 
spectra at 18eVphoton energy from Na,,Mo,O,, 
as a function of detection angle. 

- Spin Polarized Valence Band Photoemission 
f;0m Magnetic &r&es 

Photoemission studies of the quantum well states 
on Co, Ni and CoNi alloy substrates have been performed 
byagroupfromtheBNLPhysicsDept. (D.-J. Huangand 
P. D. Johnson). In several studies of noble metals depos- 
ited on ferromagnetic substrates, it has been shown that 
“quantum well” states exist, that they reflect the finite 
layer thickness, and that these states are highly spin 
polarized. As the thickness of the noble metal film 
increases, these states cross the Fermi surface with a 
frequency identical to that observed for the exchange 
coupling in the associated multilayers. These observa- 
tions, taken together, lend support to the idea that the 
quantum well states mediate the coupling in the magnetic 
multilayers. Photoemission spectra recorded at kll =0.765 
m from Cu films deposited on Co(OO1) exhibit a small 
peak near the Fermi level with a thickness-dependent 
intensity modulation of approximately 3 layers, corre- 
sponding to spanning vectors at the neck of the copper 
Fermi Surface “dog bone”. A periodicity of three layers is 
close to that observed for oscillatory exchange coupling in 
the associated magnetic multilayers. Quantum well states 
at the center of the surface Brillouin in Cu films deposited 
on CoNi alloy substrates have also been identified. These 
states are less intense and have slightly lower binding 
energies than those in Cu on Co(OOl), particularly in the 
vicinity of the Fermi level. This observation can be 
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FigureLZU5UA:The binding energies of quantum well 
states at the center of the surface Brillouin zone in Cu 
films deposited on Ni(OO1) and Co(OOl), obtained 
from angle-resolved photoemission spectra excited 
with photons of energy 23 eV, as a function of Cu 
overlayer thickness. The Cu/Co(OOl) quantum well 
states (open circles [K. Garrision, Y. Chang, and P. D. 
Johnson, Phys. Rev. Lett. 71,280l (1993)] and triangles 
[J. E. Ortega, F. J. Himpsel, C. J. Mankey, and R. F. Willis, 
Phys. Rev. B47,1540 (1993)]) exhibit branches labeled 
by integer quantum numbers v = 1, 2, 3 from left to 
right. In contrast, the bindingenergydispersion ofthe 
Cu/Ni(OOl) states (solid circles) as a function of Cu 
thickness exhibits an abrupt jump from the branch 
with quantum numberv=l to the branch with quantum 
number ~-2. See text. 

explained by the difference in electronic structure of the 
substrates (single element vs. alloy). 

These results indicate that the degree of quantum 
confinement can be tuned by altering the electronic 
structure of magnetic substrates, for instance, by chang- 
ing the relative elemental concentrations in the substrate. 
This in turn suggests the possibility of tuning the ex- 
change coupling strength in the associated magnetic 
multilayers. Quantum well states in Cu films deposited 
on a Ni(OO1) substrate are also identified by using angle 
&e.solved photoemission, and their binding energy dis- 
persion as a function of Cu thickness exhibits an abrupt 
jump from the branch with quantum number V= 1 to the 
branch with quantum numberV=2, as shown in Figure 4. 

Y 

This branching jump results from the dramatic 
change in the phase shift of the reflection at the 
interface, a consequence of the resonant scat- 
tering of the sp-derived quantum well states in 
Cu by the Ni quantized d-bands. This branch- 
ing jump suggests that the quantum-well-state 
picture can be applied to understand the mag- 
netic-layer dependent oscillatory coupling in 
these systems. 

, 

Anotherspin-polarizedvalencebandpho- 
toemission study using the USUA beamline 
during FYY 5 was that of chemisorbed Cs on Fe 
substrates, performed by a collaborative group 
consisting ofD.-J. Huang (BNLPhysics Dept.), 
E. Vescovo (NSLS), D. M. Riffe (Utah State 
U.), P. D. Johnson (BNL Physics Dept.), P. 
Abramowitz and J. L. Erskine (U. Texas Aus- 
tin). In this work, spin-polarized and spin- 
integrated photoemission spectroscopies were 
used to investigate the electronic interactions 
between chemisorbed Cs atoms and ferromag- 
netic Fe films epitaxially grown on W( 110). 
The spin-integrated Cs 5p photoemission spec- 
tra are consistent with previously observed gen- 
eral trends in the coverage-dependent binding 
energy shifts ofalkali adatom core-level spectra. 
The Cs 5p binding energy in the first atomic 
layer decreases as the Cs coverage increases due 
to dipolar repulsion and band formation. The 
binding energies of Cs in the second layer are 
smaller than those in the first layer, an indica- 
tion that the Cs-Cs interaction is weaker than 
the Cs-Fe interaction. In addition, the lifetime 
width of Cs in the first layer is much larger than 
those in thesecond layer. This dramatic change 
of lifetime width is suggestive of s-p hybridiza- 
tion in the first-layer-Csvalence electrons. That 
no measurable spin-polarization exists in the 

Cs 5p spectra suggests that there is little or no induced 
magnetic moment on Cs site, in contrast to the observa- 
tion of an induced magnetic moment in chemisorbed 
oxygen and sulfur on ferromagnetic substrates. Data 
analysis is under way to understand the Cs-Fe electronic 
interactions. 

. 

42 



E 
u 0 
N 3 

1 - O.SQHLS/NI(lil) 1 - O.SQHLS/NI(lil) 

CH6SJ N1(111)1250 K CH6SJ N1(111)1250 K 

o-t , , , o- . . . 01 01 . , . . . . . . . . . . 

107 166 166 164 163 162 161 160 107 166 165 164 163 162 161 160 167 167 166 166 166 166 164 164 163 163 162 162 161 161 160 160 

Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) 

7 Q- Q- 

B) B) 
a- a- 

CH6Sl Nl(lOQ)/l50 K CH6Sl NI(lOQ)/l50 K 

O.SOMLS/NI(lOO) O.SOMLS/NI(lOO) P 

Figure 5 U13UA: Sulfur 2p photoemission spectra from (A) atomic sulfur and Figure 5 U13UA: Sulfur 2p photoemission spectra from (A) atomic sulfur and 
(B) methyl thiolate (CH,S) adsorbed on Ni(lO0) and Ni(lll) surfaces as a (B) methyl thiolate (CH,S) adsorbed on Ni(lO0) and Ni(lll) surfaces as a 
function of coverage or temperature. The spectra were recorded using 250 function of coverage or temperature. The spectra were recorded using 250 
eV excitation. eV excitation. 

CORE LEVEL PHOTOEMISSION 

Soj? X-ray PhotoemissionS;om Sulphur-Containing 
Molecules on Metal &faces 

The surface chemistry group from Oak Ridge Na- 
tional Laboratory (David Mullins, Deborah Huntley and 
Steve Overbury) completed a series of experiments that 
demonstrated a direct correlation between the sulfur (S) 
2p core level binding energy and the adsorption site of the 
adspecies. They then applied this correlation in under- 
standing the complex reaction chemistry of CH,SH on 
Ni(ll1). Since an early investigation of S on W(OOl), it 
has been hypothesized that lowering the coordination of 
the adsorption site lowers the S 2p binding energy. The 
most direct way to test this hypothesis is to compare S 2p 
spectra for thesamespecies on different crystal faces ofthe 
same metal. Figure 5(A) shows how the S 2p peak 
position shifts to lower binding energy when the S moves 
from a four-fold site on Ni(lOO) to a three-fold site on 
Ni( 111). The S 2p peak positions at high S coverage on 
Ni( 111) indicate that the surface has reconstructed, with 
some adsorption sites being the same as on Ni( 100) (four- 
fold) and others having an even higher coordination. A 
similar shift in the S 2p peak positions is seen for CH,S 
adsorbed on Ni(lOO) and Ni(ll1) in Figure 5(B). This 

group has also performed photoelectron diffraction ex- 
periments of this adsorption system which demonstrated 
that, at low temperatures, CH,S adsorbs in the three-fold 
site on Ni(ll1) and in the four-fold site on Ni(lOO). In 
the present work, a corresponding increase in the S 2p 
binding energy is seen between these two surfaces. When 
the Ni( 111) surface is heated to 25OK, the S 2p spectrum 
becomes very complex. Applying what was learned from 
the atomic S spectra and the CH,S spectra at lower 
temperatures, it is now clear that the CH,S is decompos- 
ing and the Ni( 111) surface is reconstructing at 250K. 
ThetwoS2p,,zpeaksat161.15and161.55eVarisefrom 
atomic S in three-fold and four-fold sites, respectively. 
The S 2~~~~ peak near 163.30 eV results from CH,S that 
has shifted into a four-fold site on the reconstructed 
surface. 

The UC Riverside group (W.C. Simpson, J.A. 
Yarmofl) and the IBM group (W.H. Hung, F.R. McFeely) 
at beamline US also continued their work on the adsorp- 
tion and reaction of halogens on semiconductor surfaces 
using core level photoemission spectroscopy. 
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So$X+ay Resonant Fe L WAuger 
Spectroscopy from Fe Su faces 

The spin-resolved core level pho- 
toemission group from the NYU Phys- 
ics Dept. [B. Sinkovic, E. Shekel (NYU) 
and S. L. Hulbert (NSLS)] has per- 
formed the first spin-resolved L,-reso- 
r-rant photoemission measurement us- 
ing their spin-resolving electron energy 
spectrometer and high-flux soft x-ray 
photons from the U13UA beamline. 
The spectral distribution of this giant 
resonance (2p,,,+3d*) is dominated 
by the Auger matrix elements and is 
found, in the case of Fe, to closely 
resemble the self-convolution of the Fe 
valence density of states. However, the 
magnitude of the spin polarization is 
measured to be significantly higher on- 
resonance (Pon=37%) than the valence 
band spin polarization (Pv,=27%). 
These findings are consistent with a 
reduction of the triplet Auger matrix 
elements which, in turn, can be inter- 
preted as being due to the existence of 
a Fermi hole, the exchange correlation 
responsible for keeping equal spins fur- 
ther apart, which effectively lowers the 
triplet Auger probability. This hypoth- 
esis was confirmed by measurement 
using off-L3-resonant photons, which 
yielded smaller spin polarization 
(Por=20%) than PvB, as expected since 
the degree of spin polarization depends 
on the polarization of the initial core 
hole (which is different in the on- and off-resonant 
processes) assuming electron correlation effects are present. 
Thus, these measurements provide awayofstudyingspin- 
dependent electron-electron correlation in magnetic ma- 
terials (see Figure 6). These results suggest that electron- 
electron correlations are important in itinerant ferromag- 
nets such as Fe. 

Figure 6 U13UA: Mesh surface: calculated spin polarization of the 
Fe CWAugertransition as a function both of Auger matrixelement 
(singlet/triplet ratio, proportional to the exchange correlation 
strength) and of the initial core-hole spin polarization P for a given 
valence band spin polarization (P,=27%). Open circle: measured 
electron-energy-integrated spin polarization of on-b-resonance 
Fe L,M,,M,,Augerspectrum (P,,=37%). Filled circle: Off-L-resonance 
value(P,,=20%). Thesemeasurementscanyimportantinformation 
on both the spin polarization of the valence band and the relative 
strength of exchange correlation, and demonstrate the importance 
of exchange correlation in itinerant 3d-metals such as Fe. See B. 
Sinkovic, E.Shekel, and S. L. Hulbert, Phys. Rev., B52,15703, (1995). 
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Figure 7 U4B: L-edge extended x-ray absorption 
fine structure (EXAFS) transmission magnetic 
circular dichroism (MCD) spectra from Fe, Co and 
Ni thin films electron-beam evaporated onto 
one-micron-thick parylene substrates. For each 
material, the upper panel shows the x-ray 
absorption spectrum and the lower panel shows 
the MCD signal. The MCD signal is measured by 
alternating the sample magnetization at each 
photon energy. 

SOFT-X-RAY MAGNETIC 
CIRCULAR DICHROISM 

Transmission measurements from thin evaporated 
Fe, Co, Ni films were carried out by the NRL group (Y. 
U. Idzerda, V. Chakarian, and K. Kemner) and the 
AT&T group (J.-H. Park, G. Meigs, and C. T. Chen) at 
beamlineU4B todeterminetheabsolutephotoabsorption 
cross sections for these important elements. 
Photoabsorption coefftcients of left- and right-circularly 
polarized soft x-rays were reported, as well as the total 
photoabsorption coefficients. This group also observed 
very large magnetic effects in the L-edge extended x-ray 
absorption fine structure (EXAFS) of 3d transition met- 
als. Transmission MCD measurements extended to the 
FXAFS region were measured for Fe, Co, and Ni thin 
films grown under ultra-high vacuum conditions by e- 
beam evaporation. The EXAFS and magnetic EXAFS 
(MEXAFS) measurements for the L-edges of 3d transi- 
tion metals are shown in Figure 7. The topmost panel of 
Figure 7 shows the FeXAS spectrum in which the vertical 
scale in the FX4FS region is expanded. The next panel 
shows the Fe MCD signal, where the vertical scale has 
been expanded. Similar measurements at the L-edge of Co 
and Ni thin films are shown in the remaining panels. 
Large EXAFS oscillations were observed in the MEXAFS 
spectra for all three samples. The amplitudes of the 
oscillations at the L edges are much greater than those 
observed at the K edges of the same elements. These 
authors also noted that the relative amplitude of the 
MEXAFS oscillations compared to the EXAFS oscilla- 
tions is largest for Fe and smallest for Ni, although the 
ratio does not scale linearly with the magnitude of R 
the magnetic moment. ELl 
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INTRODUCTION One of the most active areas of development within 
theXAS field is in situ experiments, wherein some control 

X-ray Absorption Spectroscopy (XAS) . is one of the or process is exerted on the sample while it is in the x-ray 
key research tools available at the NSLS, and the last year beam. Researchers now employ amyriad ofapparatus “on 
was highly productive for the beamlines specializing in line” to accomplish everything from simply controlling 
this technique. Nine beamlines on the X-Ray Ring and temperature to actually growing samples with molecular 
two on the W Ring now perform absorption spectros- beam epitaxy (MBE) chambers. The XAS Workshop of 
copy on at least a part time basis. They are Ul, UlGB, the 19 9 G NSLS Annual Users Meeting will focus on these 
XGA and B, XYB, XlOC, XllA, XlGC, X18B, XlYA, kinds of experiments, and presenters will discuss the 
X23&2, andXZ3B. In addition, XAS related experiments techniques they have developed. 
are at times carried out on 
the microscope at XlB, 
themicroprobe onX26A, 
and on the wiggler 
beamlines X21 and X25. 
U4B is used for circular 
dichroism studies, and 
several other of the W 
lines are occasionally used 
for NEXAFS studies. This 
article presents some se- 
lected highlights from 
19 9 5’s research activities 
at these beamlines. 

The extended x-ray 
absorption fine structure 
(EXAFS) technique is 
unique in its ability to 
determine structural pa- 

Figure 1 U4B: Standard EXAFS (above) and Magnetic EXAFS (below) measurements 
of Fe, Co, and Ni thin films. 

rameters in sample systems which lack long-range order RJZXARCH HIGHLIGHTS 
and are hence unsuitable for x-ray or neutron diffraction 
studies. These include solutions, clusters, amorphous Magnetism and properties ofmagneticmaterials are 
powders, heterogeneous mixtures, and thin films. EXAFS a hot research area, and a particular focus of recent work 
provides coordination numbers and bondlengths about a at beamline U4B. The combination of an energy range 
selected central atom for neighbors within -5 A distance, covering the third row transition metal L-edges and 
and can provide angular orientation information via MCD capability enable a wide variety of experiments. 
polarization or multiple scattering effects. X-ray absorp- Y.U. Idzerda, V. Chakarian, K. Kemner (NRL), J.-H. 
tion near-edge spectroscopy (XANES) can provide comple- Park, G. Meigs, and C.T. Chen (AT&T) have made some 
mentary information about elements’ oxidation states of the first magnetic EXAFS (MEXAFS) measurements at 
and geometries. Much of the strength of the technique this facility, studying 3d transition metal films grown on 
derives from the fact that samples can be solid, liquid, or polymer substrates. The magnitudes of the L-edge 
even gaseous; at any temperature and any pressure. This MEXAFS were found to range from 5% to 0.5% of the 
versatility has resulted in the application of XAS to a vast corresponding EXAFS signals in Fe, Co, and Ni samples. 
range of problems. Sample MEXAFS spectra are shown in Figure 1. 
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Calcium is ubiquitous in living systems and C.J. 
Buckley, S.J. Bellamy (KCL), X. Zhang (SUNY@Stony 
Brook), G. Dermody (KCL), and S.L. Hulbert (BNL) 
have demonstrated Ca L-edge XANES on beamline 
U13UA. Five biologically significant calcium salts were 
measured to assess the possibility of quantifying calcium 
content and identifying XANES features which correlate 
with the calcium’s chemical environment. Minor peak 
features in the NEXAFS did show variations with salt 
composition, opening the possibility of imaging calcium 
with chemical sensitivity on anx-ray microscope beamline. 

bent crystal polychromator which illuminates the sample 
with the full bandwidth of energies required for a XAS 
spectrum at once. A position sensitive detector after the 
sample records the relative intensities at the various ener- 
gies. This offers a number of advantages over scanning 
monochromator beamlines, particularly for time resolved 
studies and experiments which suffer systematic effects 
from beam decay. K.J. Gofron, C.W. Kimball (NIU), 
P.L. Lee, P.A. Montano, and G. Jennings (ANL) studied 
the temperature dependence of the magnetic x-ray circu- 
lar dichroism of gadolinium metal at the LIII edge. Below 
the 290 K transition temperature, Gd is ferromagnetic 
and the MXCD features, including a quadrupolar peak 
below the edge, do not vary strongly with temperature. 
MEXAFS oscillations can be seen at the higher end of the 
spectra (Figure 3). Above 290 K, in the paramagnetic 

Spectrum of Matrix 

The scanning transmission x-ray microscope at 
beamline XlA is performing such chemically sensitive 
imaging on a variety of systems. A.P. Smith, H. Ade 
(NCSU), and E. Rightor (Dow) have studied polyure- 
thane foams, focusing on precipitates which can form in 
the synthesis of a meth- 
ylene diphenyl 
diisocyanate based ma- 
terial. By measuring the 
carbon k-edge XANES 
and least-squares simu- 
lating the spectra with 
data from small molecule 
standards with similar 
functional groups, as 
shown in Figure 2, the 
experimenters were able 
to determine the com- 
positionsofthefoamma- 
trix and the precipitates. 
These were found to dif- 
fer significantly. 

Spectrum of Precipitate 
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A.P. Smith, H.Ade 
(NCSU), B. Hsiao, and 
S. Subramoney 
(DuPont) used the lin- 
ear dichroism micros- 

Figure 2XlA: Carbon k-edge absorption spectra of matrix and precipitate areas in 
polyurethane foam alongwith decompositions into functional group contributions. 

copy capabilities of XlA to study the relative lateral 
orientation in Kevlar fibers. By measuring the carbon k- 
edge absorption spectra as a function of polar angle on 
thin section samples, and least-squares fitting the result- 
ing spectra to determine intensities of the various func- 
tional groups, the researchers were able to define a “mo- 
lecular orientation parameter” which describes the extent 
to which functional groups are oriented in the fiber. The 
orientation parameter for the carbonyl functional group, 
for example, was found to vary systematically with the 
degree of crystallinity in various Kevlar fiber grades. 
Planned analogous oxygen XANES measurements are 
planned to confirm the findings. 

Beamline XGA is a dispersive XAS facility, with a 

region, the MXCD intensities drop with increasing tem- 
perature. However, some features are evident throughout 
the studied temperature range. 

G. Co&ton, R Harlow (DuPont), S.R. Bare (Dow), 
H. Kung, K. Birkeland, G. Bethke (Northwestern U.), J. 
Quintan, J. Georgopoulos (DND-CAT), and P.L. Lee 
(ANL) used the time resolved capabilities ofXGA to study 
a vanadium phosphate catalyst which oxidizes butane to 
form maleic anhydride. Using a catalyst cell with Be 
windows and a mass spectrum detector on line, the 
experimenters were able to record the spectra of the 
catalyst while monitoring the rate of formation of maleic 
anhydride. By alternately flowing air and butane into the 
cell, the rates of both catalyst reduction and reoxidation 
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could be monitored. The re- 
searchers found that the an- 
hydride formation rate corre- 
lated with the amount of V+5 
present, identifying that com- 
ponent as required for cataly- 
sis, and that the catalyst 
reoxidation rate was always 
slower than the reduction with 
butane. 

L. Chen, M. 
Wasielewski, W. Svec, K. 
Huang, and P. Montano 
(ANL) studiedmodelsystems 
for the chlorophyll dimers im- 
portant in photosynthesis. 
The distance between 
macrocycle planes and their 
configurations are believed to 
control their photophysical 
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Figure 3 X6A: Magnetic Circular X-ray Dichroism spectra of the gadolinium L,,, 
edge as a function of temperature from 94 to 350 K. 

properties. Using lab synthesized complexes in which two 
metal containing chlorophyll macrocycles are linked to- 
gether via cyclophane linkages, the researchers looked for 
features in the EXAFS spectra resulting from a metal- 
metal interaction. Of samples with nickel, copper, and 
zinc, only the latter showed evidence for a metal-metal 
interaction: a peak at 3.5 A in the Fourier transform 
assigned as Zn-Zn (Figure 4). Addition of a coordinating 
base resulted in attenuation of the peak magnitude, as 
expected. The nickel bischlorophylls were found to vary 
between four, five, and six coordinate depending on the 
presence of coordinating bases and temperature.- 

Nitrogenase, the protein system responsible for 
the direct fling of atmospheric nitrogen by plants, 
contains a [4Fe-4S]+* cluster. R.C. Scarrow, N. Taufen 
(Haverford College), L.C. Seefeldt, and W.N. Lanzilotta 
(Utah State University) studied the interaction of 
nitrogenase iron protein with magnesium ATP to see 
whether the iron sulfur complex is affected. Previous 
results from other techniques had been interpreted to 
suggest that MgATP binding might partially convert 
the [4Fe-4S]+* cluster into smaller [2Fe-2S]+ clusters. 
In experiments on beamline X!9B, the research team 
found that XANES and full EXAFS spectra on the 
oxidized iron protein in the presence and absence of 
MgATP were essentially identical, however. In both 
cases, each iron was found to have approximately 3 
irons and 4 sulfurs as neighbors. 

The hydrogenases are among the few 
metalloproteins which contain the element nickel. Z. 
Gu, S.B. Choudhury, C.B. Allan, and M.J. Maroney 
(University of Massachusetts) are working to elucidate 
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the role of the nickel, which appears in an active site 
together with an iron atom. The team measured the 
nickel k-edge XAFS spectra of the carbon monoxide 
adduct of a specific organism’s hydrogenase along with 
the “CO off’ form generated via photodissociation. The 
effects on the spectra are a half eVsh& in the edge position 
and a shortening of the Ni-Fe bondlength. The research- 
ers interpret these results to indicate that the CO doesn’t 
bind to the Ni atom, but instead to the Fe site. 

S. Bajt (University of Chicago), J.F. Lee (SRRC), 
S.B. Clark (SREL, University of Georgia), G.M. Lamble 
(Brookhaven National Laboratory), C.A. Langton and J. 

0 2 4 6 
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Figure 4X6B: Fourier-transformed Zn k-edge EXAFS of 
Zn-bis chlorophyll with and without pyridine in solution 
at 290 K. 



Oji (Westinghouse Savannah River Company) used 
XANES and EXAFS techniques on beamline Xl 1A to 
investigate chromium waste as immobilized in cement. 
Chromium in the +6 oxidation state, as in CrO**-, is 
highly soluble and toxic in comparison to the CP+ form. 
Hence, formulations of cements have been developed to 
favor the reduced form. As evident in Figure 5, simulated 
waste streams which consist initially of only C$+ are 
largely converted to CP+ in two of the cement mixtures. 
EXAFS results show that the large bondlength differences 
between the +6 and +3 forms can be used to help quanti- 
tate the relative amount in each state. 

D.L. Adler, and R. Nuzzo (University of Illinois) 
studied bimetallic clusters generated by depositing Re and 
Ir precusors on an alumina support and then activating 
with heat under flowing hydrogen gas. EXAFS spectra 
were recorded on these samples on beamline Xl6C. The 
researchers made use of average coordination numbers to 
estimate cluster size, and the appearance or lack of 
ordered shells at distances beyond the first shell to infer 
position relative to the cluster core or periphery. They 
infer that Ir occupies core sites, while Re appears at the 
cluster edge. 

M.A.Vairavamurthy, S. Wang, B. Khandelwal, and 
B. Manowitz (DAS, BNL) have been studying sulfur in 
the environment, particularly in marine sediments. The 
researchers have previously established that sulfonates are 
a major class of the organic sulfur in near-surface marine 
sediments. In order to ascertain whether phytoplankton 
debris could be the source of this form of sulfur, the 
investigatorsmeasuredS k-edgeXANESspectraofsamples 
of various types of phytoplankton species on beamline 
X19A. Sulfonate sulfur was indeed found to be the 
dominant form in phytoplankton, in support of this idea. 
The dominance of sulfonates further suggests that they 
play an as yet unknown, but important role in the cellular 
biochemistry of marine phytoplankton. 

Researchers from the University of Michigan have 
been studying organocuprate reagents in solution in an 
effort to understand these potent tools for organic synthe- 
sis. In the latest studies, H. Huang and J.E. Penner-Hahn 
performed Cu k-edge EXAFS measurements on 
phenylcopperpreparedfromtheadditionofphenyllithium 
to Copper(I)iod at XlYA. The Fourier transform 
magnitude, shown in Figure 6, shows a very strong peak 
at just over 2 A which is consistent with a copper scatterer. 
A quantitative analysis suggests a Cu-Cu distance of 2.45 
A, h’ h w rc is shorter than the interatomic distance in 
copper metal, but similar to the distances observed in 
crystallized pentameric phenyl-copper clusters. Hence, 
the researchers conclude that similar species are present in 
solution. 

5980 6000 6020 6040 
ENERGY (eV) 

Figure 5 Xl IA: Chromium k-edge XANES of: (a) a 
Cr(VI) standard (K$rO,), (b-d) Cr waste in three 
different concrete mixture immobilizers, and (e) a 
Cr(lll) standard (CrOOH). 

EXAFS experiments are optimally combined with 
other techniques to enhance the information content 
available at the start of the quantitative analysis. A.C. 
Carter, M.I. Bell, K.M. Kemner (NRL), C.E. Bouldin, 

10- 

Figure 6X1 9A: Fourier-transformed Cu k-edge EXAFS 
of phenylcopper in THF solution. 
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Figure7X25: Iron f$emission spectrum of oxidized, 
high-spin Rubredoxin excited at 7200 eV. 

J.C. Woicik (NISI), and S.A. Majetich (CMU) have used 
a combination of XAS, FTIR, and elemental analyses to 
determinethestructureofcadmium-selenidenanoclusters 
in work on X23A2. The combination of EXAFS and 
FTIRwas particularly fruitful as it was possible to observe 
that Se atoms at the surface of the clusters are bare, i.e. 
bound only to cadmium atoms with a net coordination 
less than that in the interior of the cluster. The FTIR 
spectra agreed, with no evidence for Se-ligand modes. 
Surface cadmium atoms, on the other hand, were con- 
firmed to bind passivating perchlorates. 

Zeolites are large, open framework structures made 
up of tetrahedral silicon and aluminum oxide building 
blocks. Their pore and cavity structures make them ideal 
supports as catalysts, and they are employed in a number 
of industrial processes. M. Endregard (University of 
Trondheim), A.F. Gualtieri, S. Quartieri, G. Vezzalini 
(University of Modena), and K.I. Pandya (NCSU) stud- 
ied the nature of iron found in four naturally occurring 
zeolites with spectroscopy on beamline X23B. The re- 
searchers worked to distinguish whether iron has (1) been 
substituted for Si or Al into the framework , (2) exists 
outside the framework, or (3) is associated with hydrox- 
ides or other impurities. From Fe k-edgeXANES studies, 
and in particular the relative magnitude of the 3d pip, it 
was concluded that the iron has largely octahedral coordi- 
nation, which is inconsistent with simple substitution 
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into the framework. 
X. Wang, A. Froeschner, and S.P. Cramer (Univer- 

sity of California, Davis) have demonstrated the first 
spin-polarizedXANES measurements on ametalloprotein 
using high-resolution monitoring of the iron Ka fluores- 
cence at beamline X25. The Fe $ emission spectrum of 
oxidized, high-spin Rubredoxin is split into two regions 
corresponding to decay into a spin-up or spin-down core 
hole (Figure 7). Thus by monitoring the appropriate 
fluorescence energy it is possible to separately measure the 
absorption spectra arising from excitation of the two inner 
shell electrons. The edges in Figure 8 demonstrate this 
well: as high spin Fe (III) has five d-shell electrons with the 
same spin, the quadrupole allowed ls-3d transitions are 
only available to the core electron with anti-parallel spin. 
Hence, only one of the absorption spectra shows the 
familiar 3d pip. 

CONCLUSION 

As in past years, the high scientific productivity 
illustrates that x-ray absorption spectroscopy is in a healthy 
state at the National Synchrotron Light Source. Good 
progress has been made in the move towards greater 
cooperativity benveen XAS beamlines: the first step of 
creating a common data collection package to ease user 
support and training issues has been completed. 

Figure 8 X25: Spin-polarized iron k-edge XANES of 
oxidized, high-spin Rubredoxin illustrating different 
cross-sections for 1 s electrons with spin parallel and 
antiparallel to 3d electron spins. 
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SMALL-MOLECULE SINGLE-CRYSTAL 

The use of imaging plate area detectors is extending 
from the field of protein crystallography into the small- 
molecule regime. It is permitting the collection of data 
from samples previously considered too small for conven- 
tional point-by-point diffractometry. The use of an 
integrating area detector greatly reduces the time for data 
collection and minimizes the influence of instabilities in 
the beam and the beamline. X3Al has been the location 
ofa range of experiments by the Stony Brook group led by 
John Parise involving crystals with sizes in the 20 micron 
range. For example, K. Tan studied novel open-frame 
structures in Antimony Sulfide templated by 
dimethylammonium (prepared by hydrothermal synthe- 
sis), and J.-H. Park studied a new compound SrAuzO, 
prepared by a solid-state reaction of SrO, and Au203 at 
high pressure and several other compounds (Figure 1). 
Successful structure determinations were performed in 
spite of the small size of the crystals involved. 

POWDER DIFFRACTION 

Powder diffraction continues to show its effective- 
ness when even such small single crystal samples are 
unavailable. A wealth of new structures is reported in the 
Activity Report, and it is impossible to mention them all 
here. In an area which is not usually well-represented in 
SR-based powder work, that of phase identification, is 
addressed by R.E. Dinnebier and collaborators. They 
addressed the issue of polymorph impurities in drug 
compounds. Theywere able to demonstrate the ability to 
determine the presence of gamma-phase impurities in 
alpha-indomethacin, an anti-inflammatory drug, down 
to levels of at least 0.1% (Figure 2). This limit was 
imposed by the purity of the reference “pure” material 
available. 

The recent reports of giant magnetoresistance ef- 
fects in La,,,CaxMnO, prompted Radaelli and coworkers 
to look for structural changes in this region. A rich variety 
of structural changes was reported around Tc, depending 

on the value of x. 

Figure 1 X3AI: Projection of the Structure of SrAu,O, along [loo]. The AuO, 
units and Sr ions are represented by the planes and circles. 

The ubiquitous im- 
aging-plate finds applica- 
tion in powder-diffraction 
studies, too. The moving- 
image-plate setup at X7B 
has provided a time-re- 
solved capability which has 
allowed studies of a vari- 
ety of reactions. An ex- 
ample is the Kolbe- 
Schmitt reaction for the 
production of salicylic 
acid. The reaction mecha- 
nism is still poorly under- 
stood in spite of its indus- 
trial importance. In siti 
diffraction from this sys- 
tem by a collaboration be- 
tween X7B and X3 (P. 
Norby, J. Hanson, R. 
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Figure 2X361 : Intensity of the (120) reflection of the a-phase 
of indomethacin for various levels of a contamination. 

Figure 3 X7B: In-situ X-ray Powder Diffraction diagrams of 
the carboxylation of sodium phenolate. 
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Dinnebier, and P. Stephens) has revealed a 
variety of intermediate phases (Figure 3). 
The detailed structure of these intermedi- 
ates is currently being investigated using 
high-resolution powder diffraction. 

The hard x-ray spectrum from the 
superconducting wiggler which feeds 
beamline Xl7 is put to good use by the 
high-pressure diffraction community. Both 
X17C and X17B 1 hosted a wide range of 
high-pressure experiments, primarily by 
the groups from SUNY at Stony Brook 
(CHiPR), NRLand the Carnegie Institute 
of Washington. The experiments per- 
formed range from studies of minerals 
under conditions similar to those deep in 
the earth’s mantle, to investigations of the 
phase diagram of hydrogen at high pres- 
sure. An interesting example of the possi- 
bilities in a non-geological area is provided 
by the experiment of E. Skelton and col- 
leagues who were able to study the absorp- 
tion of deuterium into bulk palladium at 
high pressure. Although heavily studied, 
some of its properties at high concentra- 
tion (+85%) still remain unexplained. The 
high intensity available at X17C allows 
data to be collected from volumei as small 
as lo-r1 m3. They were thus able to study 
the dynamics of the alpha-beta transition 
(induced by D absorption/desorption) as a 
function of depth inside a bulk (lmm 
thick) sample. They show that whereas the 
alpha phase forms rapidly at all depths, 
there is considerable delay in the onset of 
the beta phase formation at the core of the 
sample. 

SMALL-ANGLE SCATTERING 

Bubeck and a collaboration involv- 
ing Dow Chemical, Cornell and NSLS 
performed real-time studies of plastic de- 
formation in rubber-modified engineering 
thermoplastics using the high-intensitywig- 
gler beamline X25. They used a Reticon 
detector in combination with optical data 
to collect over 200,000 SAXS patterns 
with time resolution down to 3ms. They 
were able to show that previous conclu- 
sions regarding the importance of the dif- 
ferent possible plastic strain mechanisms 



were incorrect, and to allow better engineering of new 
polymer blends. At beamline X3A2, A.D. Kennedy and 
a team from DuPont and SUNY Stony Brook has per- 
formed experiments using an apparatus which allows 
tensile deformation experiments without requiring high 
data rates. Their apparatus used a continuous-feed ar- 
rangement wherein a fiber is drawn from a spool over two 
rollers moving at different speeds (thereby imparting the 
strain). Since the process is continuous, high quality data 
can be collected. They were able to collect WAXS data 
showing a sufficient number of clear reflections to allow 
crystallographic analysis of the Brill transition, and to 
confirm that the transition results from anisotropiccrystal 
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Figure 4aX3A2: Cylindrical co-ordinates for 
B02-F18: Calculated model (solid vs data 
(dashed). 
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Figure 4b X3A2: Crystallinity index vs 
temperature. 

thermal expansion (Figure 4) . Inter-chain spacing within 
the H-bonded sheets remains essentially constant while 
inter-sheet spacing increases sharply, forming a metrically 
hexagonal structure. 

X-RAY HOLOGRAPHY 

In an interesting series of experiments at beamline 
X14A, T. Gog and collaborators have demonstrated a 
new technique for hard x-ray holography. By measuring 
the integrated fluorescence intensity as a function of 
sample orientation, they are able to reconstruct the local 
environment around a selected atom in a crystal. The 
technique they use is unusual in that it is the inverse of the 
more obvious technique of measuring the angular distri- 
bution of fluorescent radiation with a stationary sample. 
In the new scheme, the changes in the elastically-scattered 
radiation field as a function of sample orientation is used 
to probe the fluorescent atom position. It is in some sense 
a generalization of the standing wave technique. Tests of 
the idea on a Fe,O, crystal and a Ge crystal have demon- 
strated its potential. 

STANDING-WAVES 

The standing-wave method is not limited to crys- 
talline substrates. Bedzyk and co-workers at Xl 5A have 
performed some measurements in the total external re- 
flection regime to investigate the adsorption of a thin film 
ofcopper on apolymerlayer on a polished substrate. Such 
configurations are of growing interest to a variety of 
technologies. The variations in the standing-wave pattern 
near the substrate critical angle can give information on 
the location and thickness of the film following thermal 
treatment. The copper was seen to form relatively thick 
islands as deposited, and following annealing to become 
thinner. No interdiffusion ofthe copper into the polymer 
beyond 5 A was observed. One of the problems with the 
standing-wave method is the need for the adsorbate atom 
to provide a signal in response to excitation by the 
standing wave field strength. This has traditionally been 
x-ray fluorescence from a high-Z adsorbate. Many sys- 
tems of interest involve low-Z adsorbates, making this 
technique inapropriate. Berman, Heskett and Kao have 
shown that photoemission can equallywell be used as this 
signal mechanism, and they studied half-monolayer cov- 
erages of CO on nickel (111) surfaces. They were able, 
using a cylindrical-mirror electron energy analyzer, to 
seperately record signals from carbon, oxygen and nickel 
core levels (Figure 5). Their results are consistent with 
those of recent SEXAFS and PED measurements, but not 
with earlier IR and EELS experiments. 
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Figure 5aX25: Electron energy distribution 
curve of CO/Ni(l 11) measured at a photon 
energy of 3.055 keV. 
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Figure 5b X25: Measured XSW yields of the 
Ni2p,, 0 1 s, and C 1 s core levels as the bulk 
Ni(l11) Bragg reflection (at bottom) was 
scanned, compared with theoretical fits, for 
~(4x2) CO/Ni(l 11). 

MAGNETIC SCATTERING 

The first observation of surface magnetic scattering 
has been performed by G. Watson and collaborators 
taking advantage of the large resonant enhancements 
accessible near the Uranium M, edge. In experiments at 
beamlines X22C and X25 they were able to measure the 
dependance of the magnetic scattering truncation rod as 
a function of momentum transfer, photon energy and 
temperature, which gives information about the magnetic 
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order in the surface and near surface region of the sample. 
They have been able to model all this data, and have 
shown that the magnetic phase transition is continuous at 
the surface. This is not so surprising, but they also 
demonstrated that the sub-surface region also does not 
show first-order behaviour, in contrast to similar non- 
magnetic surface-scattering results from other systems. 
The addition of a high-field superconducting magnet to 
the X22B spectrometer has enabled a series of magnetic 
scattering experiments on low-moment systems. An 
example of this is the work of V. Kiryukhin and collabo- 
rators to elucidate the magnetic phase diagram ofthe spin- 
Peierls system CuGeO, (Figure 6). This material is a one- 
dimensional antiferromagnet. At low temperatures the 
lattice dimerizes to lower the magnetic ground-state en- 
ergy. The Zeeman energy corresponding to a 12T applied 
field lowers the energy of the first excited state enough to 
induce a transition into an incommensurate spin-lattice 
modulated phase. This phase had previously been inac- 
cessible to scattering probes. These measurements have 
shown that this phase is a soliton lattice, and have given 
the inter-soliton distance and soliton width as a function 
of applied field and temperature. The measured soliton 
width is almost double that predicted theoretically, pro- 
viding a challenge for the theory of one-dimensional 
quantum magnetism. 

-_I~----~--- . ..---.- - .._ --~ 
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Figure 6 X22B: Scans through the (3.5, 1, 2.5) 
superlattice reflection of CuGeO, at T=4K in the 
Incommensurate phase. Successive scans were 
multiplied by 100 in order to achieve a constant 
offset on the logarithmic scale. The lines are the 
results of fits to resolution-limited Caussians. 



DIFFUSE SCATTERING 

The study of x-ray diffuse scattering can provide 
information about disorder, both static and dynamic, in 
crystalline materials. Gibaud and collaborators have used 
the high-energy radiation available at beamline X17B 1 to 
advantage in such work. They point out that the EwaId 
sphere is so large at, say, GOkeVit is essentially flat over the 
plane of the recording medium (in this case an imaging 
plate). This greatly simplifies the interpretation of such 
data, since only one scattering plane is imaged at a time, 
and the lines of constant indices are nearly straight. They 
illustrated these points with a series of measurements on 
a 3mm thick sample of KMnF, (Figure 7). They were 
able, for the first time, to image the entire RM branch of 
the Brillouin zone through two phase transitions, one at 
186K and a second at 100K. The R point condenses at 
186K, but there is still intensity in the RM line until it 
disappears at lOOK, as the M point condenses. 

INELASTIC SCATTERING 

It has long been held that a high-resolution study of 
the Compton scattering in the region where the core and 
valence contributions cross over would reveal a discon- 
tinuous change. This “Compton step” has never been 
observed experimentally. It has been assumed that this 
failure was a resolution problem. K. Hgin&inen, using 
the high-resolution inelastic scattering instrument at 
X2 1, has shown that the step is smeared out on a scale well 
above the resolution limit of that instrument. There is 
currently no theoretical model which can explain this 
smearing. The high-resolution fluorescence spectroscopic 
techniques developed at NSLS were put to an interesting 
use by W. Cahebe et al. at beamline X25. They used the 
spin-dependence of the fluorescence satellites to perform 
spin-dependent resonant Raman scattering studies of Gd 
at the L,,, edge. The use o faquarter-wave plate to generate 
circularly-polarized x-rays allows the selective excitation 
of spin-up or spin-down electrons in a magnetically 
aligned sample. The spin-orbit splitting is clearly ob- 
served in the dipole-allowed transition 
2p54P5d0+3dg4E+15do. 

LIQUIDS 

Scattering from liquid surfaces received significant 
attention this year. Two liquid surface scattering stations 
were in operation, one at X22B and another at X19C. In 
addition the X22B setup was used at X25. Regan et al. at 
X25 studied surface ordering in pure Hg and Ga. They 
observed differing behaviour in these two elements. In 

(a) The [Ol 0] direction is vertical and the [I 00] 
direction is horizontal. 

(b) The [01 0] direction is vertical and the [I 01] 
direction is horizontal. 

(c) The [OlO] direction is vertical and the [301] 
direction is horizontal. 

Figure7X17Bl:Highenergyx-raymonolauepatterns 
of the (OOl), (101) and (103) scattering planes. 
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Hg they observed evidence of surface ordering, with the 
ordered layer thickness similar to the bulk pair correlation 
length. In Ga this ordered layer appears to extend deeper 
into the bulk liquid. 

Ning Lei and colleagues at X19C studied surface 
segregation of Bi in Bi-doped Ga. They found that the 
reflectivity of the liquid surface could be well described by 
a model in which a complete Bi layer sits on top of bulk 
liquid Ga (Figure 8). They are currently extending this 
work to include Ga:Sn alloys. 

Metals were not the only liquids to be studied. The 
liquid-liquid interface in a ternary system ofwater, decane 
and C4El (an oil) were studied at X19 C by Williams and 
co-workers. These systems exhibit ultra-low surface ten- 
sions and the interfaces are expected to have large-ampli- 
tude thermal fluctuations. The data suggests an interfa- 
cial roughness of order 50 A compared to the molecular 
size of 9 A. This difference is attributed to the enhanced 
thermal fluctuations. Deutsch and collaborators contin- 
ued their studies of surface freezing in alkanes at X22B, 
moving towards an understanding of surface ordering in 
liquid binary alkan e mixtures. These mixtures introduce 
an extra degree of freedom compared to pure alkane 
samples which may lead to prewetting, surface enrich- 
ment and surface layering. For large differences in alkane 
molecular weights, discontinuous changes were observed 
involving surface segregation and several 2-D structural 
phase transitions. Theoretical models are being devel- 
oped to explain these observations. 

NUCLEAR RESONANT SCATTERING 

The properties of near-monolayers of rare gases 
adsorbed on graphite have been, and continue to be, the 
subject of much study for many years. Almost all of the 
previous work has concentrated on the static structure of 
such films using diffraction ofx-rays or neutrons. Even so 
there is still controversy surounding the details of the rich 
phase diagrams which have been uncovered. Nuclear 
resonant scattering offers the possibility of studying in 
detail the dynamics of these phases. D. Johnson per- 
formed such a study on beamline X12A. 83Kr has a 
convenient nuclear resonance at 9keV, and he was able to 
produce an optical system suitable for measuring the 
nuclear forward-scattering which contains the dynamic 
information. He discovered that there is significant lattice 
softening near a commensurate-incommensurate phase 
transition boundary, followed by a significant stiffening 
of the layer as it approaches completion. B 
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Figure 8X19C: (left) circles denote the experimentally obtained specular reflection after divided by the 
theoretical Fresnel reflectivity for gallium. The solid line denotes the fit to a complete bismuth monolayer 
on top of bulk of liquid gallium. (Right) The atomic distribution to the interface, obtained from the fit. 



Michael Dudley 
SUNY at Stony Brook 

This report outlines some of the significant 
results obtained from the two beamlines mainly 
comprising the NSLS X-ray Topography Special 
Interest Group: XlYC and X23A3. 

A broad range of experiments has been carried 
out on XlYC in the last year. The following are 
selected highlights. In a project funded by Cree 
Research Inc. via ARl?A/AFOSR, C. Carter, V. 
Tsvetkov and R. Glass of Cree Research Inc., and W. 
Si and M. Dudley of Stony Brook carried out a 
detailed study of micropipes (hollow core screw 
dislocations) in GH-SiC single crystals grown at Cree 
ResearchInc. usingPhysicalVaporTransportmethod. 
The Burgers vector of the micropipes, b, was deter- 
mined using two relative and two absolute tech- 
niques via Synchrotron White Beam X-rayTopogra- 
phy, with good agreement being obtained for four 
sets of data. One of the absolute techniques involves 
the measurement of the lattice tilt either side of the 
dislocation core by recording transmission projec- 
tion white beam images at different specimen-film 
distances and measuring the tilt angle between the 
two components of the bimodal images which are 
longitudinally shifted with respect to each other. An 
example showing the mutual shift of the bimodal 
dislocation image components recorded at two speci- 
men-to-film distances is shown in Figure 1. From 
the lattice tilt S and image width W, both the sense 
and magnitude of Burgers vector could be deter- 
mined The other absolute technique involves explic- 
itly mapping the lattice tilt around the micropipe 
from topographs recorded in the transmission sec- 
tion geometry as shown in Figure 2. The diameters of 
corresponding hollow-cores of the dislocations (i.e. 
the diameters of the micropipes), D, were measured 
using Scanning Electron Microscopy. The relation- 
ship between micropipe Burgers vector magnitude 
and diameter, D = pb2/4+y, (CL is shear modulus, y 
is specific surface energy), as predicted by Frank [F. 
C. Frank,Acta Cyst., 4,497-501, (1951)], was then 
tested. Good agreement was found, as shown in 
Figure 3. 

Figure 1 X19C: Projection transmission x-ray 
topographs showing a screw dislocation (micropipe) 
image M, in GH-SIC, g=OOO6, h= 0.89 A, recorded at 
two specimen-to-film distances Dsf. S is the lattice tilt, 
W is the image width. (a) Dsf = 5 cm, and (b) Dsf = 17 
= cm. Research supported by ARPA/AFWL under 
Grant No. FY33615-95-C-5426 through Cree Research, 
Inc. under Grant No. 95-004. 
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Figure2X19C:Asection 
transmission x-ray 
topograph showing a 
screw dislocation 
(micropipe) image M, in 
?H-SiC,g=0006,bO.89 
A, recorded at specimen- 
to-film distance Dsf = 16 
cm. Research supported 
by ARPAIAFWL under 
Grant No. FY33615-95- 
C-5426 through Cree 
Research, Inc. under 
Grant No. 95- 004. 

r 

Figure3 Xl 9C: Relationship 
between the magnitude of 
Burgers vector of screw 
dislocation, b, and the 
diameter of the associated 
micropipe, D. Research 
supported by ARPA/AFUlL 
under Grant No. FY33615- 
95-C-5426 through Cree 
Research, Inc. under Grant 
No. 95-004. 
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Figure 4 X19C: Synchrotron white beam X-ray 
topograph (g= 440, I,= 0.64 A) recorded in 
reflection geometry from a (110) InP wafer cut 
from a MLEK grown [OOI] boule showing slip 
bands (SB) originatingfrom the shoulderregion of 
the boule. Research carried out undertheauspices 
of ARPA/AFOSR Consortium for crystal growth 
research (Contract No. F496209510407). 

In work carried out under the auspices of an ARPA/ 
AFOSR funded consortium studying the growth of Inl? 
and other semiconductor crystals, V. Prasad, H. Zhang, 
W. Si, H. Chung, and M. Dudley of Stony Brook, and D. 
Bliss and A. Anselmo ofRome Airforce Laboratories have 
beencorrelatingdefectmicrostructuresandinterfaceshapes 
observed using Synchrotron White BeamX-rayTopogra- 
phy (SWBXT) with the theoretical predictions of heat 
transfer and stress generation during the single step, high 
pressure Kyropoulos growth of doped Inl? bottles. Figure 
4 shows a reflection topograph recorded from a wafer 
sliced longitudinally from an [OOl] bottle. Stress concen- 
tration, leading to slip band generation, is clearly observed 
at the neck region of the boule. This correlates well with 
stress calculations. Figure 5 shows the distribution of 

Figure 5 X19C: Synchrotron white beam X-ray 
topograph (g=400, h=0.52& recorded in 
transmission geometry from a (001) InP wafer cut 
from a LEK grown [OOl] boule showing a well 
defined four-fold symmetric distribution of 
dislocations. Research carried out under the 
auspices of the Stony Brook ARPA/AFOSR 
consortium for crystal growth research (Contract 
No. F496209510407). 

dislocations in a typical 00 1 wafer cut from a [00 l] boule. 
Note the four-fold symmetry of the dislocations’ distribu- 
tion. This four-fold symmetry is predicted from resolved 
shear stress calculations, as shown in Figure 6. Interface 
shape is often revealed on x-ray topographs due to the 
periodic variation on dopant concentration as the inter- 
face migrates during growth. Control of the shape of the 
interface is crucial to minimize defect generation and 
propagation, and its observation is a primary indicator of 
the degree of thermal control during the growth process. 
Figure 7 shows an example ofan observable interface. The 
observed shape agrees well with theoretical predictions 
pertinent to the particular growth chamber used [H. 
Chung, W. Si, V. Prasad, H. Zhang, and M. Dudley, to 
be published]. 
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Figure 6 Xl 9C: Distribution of 
resolved shear stress in [OOII 
LEK grown InP crystals subject 
to thermal-gradient-induced, 
uniformly distributed, radially 
compressive, hoop stresses. 
Stress calculations revealed that 
maximum stresses were 
concentrated in the <lOO> 
directions while minimum 
stresses were induced in the 
<llO> directions. The 
calculated results are consistent 
with our experimental 
observations. Research carried 
out under the auspices of the 
Stony Brook ARPA/AFOSR 
consortium for crystal growth 
research (Contract No. 
F496209510407). 

In a project funded by 
the Army Research O&e 
and NSF I. Baker, X. Hu of 
Dartmouth College, and M. 
Dudley of Stony Brook have 
carried out detailed in situ 
straining studies of notched 
ice single crystals., in order 
to examine the generation 
and multiplication of dislo- 
cations in the vicinity of 
notches, and in particular to 
determine if a dislocation- 
free zone exists as previous 
etch pit investigations by 
other workers seemed to in- 
dicate. Results obtained from 
single crystals of three differ- 
ent orientations, numbered 
1 to 3, as shown in Figures 8, 
9, and 10, indicate that the 
deformation is dominated by 
basal plane dislocations. and 
that no dislocation free zone 
&tS. 

GO 

Figure 7 X19C: Synchrotron White Beam X-ray Topograph (g=OOz, 
=0.45& recorded from a longitudinal cut (110) S doped In P wafer showing 
the morphology of the growth interface (I) and the formation of slip bands 
(S, toSJ. Research carried out underthe auspices ofARPA/AFOSRConsortium 
of crystal growth research (Contract No. F496209510407). 



(a) (b) 
Figure 8 X19C: Dislocation Load 
motion at notch tips in ice single 
crystals: (a) crystal and notch 
orientations for specimen 1. (b) 
Dislocation structure prior to 
loading. The (0001) planes are 
normal to loading direction and 
are, thus, horizontal and seen 
edge-on. (c) Image (load 
removed) taken afterapplication 
of a stress of 0.22 MPa for 45 
minutes and 0.44 MPa for 20 W 
minutes at -13°C. Note that the (4 
dislocations have increased their 
lengths due toglide onthe basal 
planes. g=lOlO in both b and c. - --- 
Research funded by the Army 
Research Office through Grants 
No. DAA-L03-92-C-0319 and 
No. DAA-H04-93-C-0061 and in 
part by the donors of the 
Petroleum Research Fund which 
isadministered bytheAmerican 
Chemical Society. 

64 0-4 
Load 

tiP 

Figure 9 X19C: Dislocation mot@ at notch tips in ice single crystals: (a) Crystal and notch orientations of 
specimen 2. (b) Topograph (g=l 010, load on) taken after application of a strel_s of 0.22 MPa for 10 minutes at 
-13°C. Note dislocation bundles which run in the Burgers’vectors directions [1120] and [2iiO]. Research funded 
by the Army Research Office through Grants No. DAA-L03-92-G-0319 and No. DAA-H04-93-G-0061 and in part 
by the donors of the Petroleum Research Fund, which is administered by the American Chemical Society. 
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(b) (4 

Figure 10 X19C: Dislocation motion at notch tips in ice single crystals: (a) Orientation of specimen 3 (b) 
Prior to loading(c) 0.15 MPa for 13 min. 0.31 MPa for 4 min., and 0.45 MPa for 7 min., at -15°C. Research 
funded by the Army Research Office through Grants No. DAA-L03-92-G-0319 and No. DAA-H04-93-G-0061 
and in part by the donors of the Petroleum Research Fund, which is administered by the American Chemical 
Society. 
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Figure 11 X23A3: A (111) asymmetric transmission image 
showing a stackingfault (S) in the substrate and a linear array of 
dislocations. (D) in the CVD film. 

Continuing their investigation 
of defects inn CVD diamond, David 
R. Black and Harold B. Burdette 
from NIST and Mary Anne Piano, 
M. Dale Moyer and Miguel A. 
Moreno from Crystallume have ob- 
served individual defects in a 
homoepitaxial CVD diamond film A high-quality, low- 
stress 200 pm thick epitaxial diamond film was grown on 
a 400 pm thick high-temperature/high-pressure type IIa 
diamond. A direct correlation was found between defects 
in the film and substrate defects as shown in Figure 11. 
The area of the film with the lowest defect density was 
grown on a nearly defect-free part of the substrate. 
Within this region, individual defects are seen in the film. 
Stacking fauIts in the substrate, which terminate at the 
deposition surface, appear to result in linear arrays of 
dislocations in the film. These linear arrays are the same 
length as the termination line of thestackingfault and are 
comprised of individual dislocations, in regions where 
dislocatians in the substrate terminated at the m 
surface, more strain was observed in the film. •!Ll 
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Paul Zschack 
ORNL / Oak Ridge Institute for Science and Education 
NSLS Users’ Executive Commiffee Chairman 

The NSLS held its 14th Annual Users’ Meeting William Oosterhuis from the U.S. DOE next of- 
May 9-10, 1995 at Brookhaven National Laboratory. fered cautiously encouragingwords regarding the outlook 
Associated with the 1995 Meeting, 5 parallel workshops for future funding, and was particularly optimistic about 
were held on May Sth, and a satellite workshop on XAFS the favorable reception which the “Facilities Initiative” 
was well attended on May 7th. The workshop and has received. 
scientific programs emphasized scientific productivity NSLS Acting Chairman Denis McWhan gave a 
and recognition of the NSLS as a mature user facility. report on the state of the facility. Even though the next 

(left to right): Cullie Sparks (Oak Ridge National 
Laboratory), Denis McWhan (Associate Director Basic 
Energy Science Programs, BNL and Chairman, 
National Synchrotron Light Source), and Tony 
Cheetham (University of California @Santa Barbara). 

Keynote Speaker, Robert Calvin, Chairman of 
the Executive Board of Motorola, Inc. and 
Chairman of the Secretary of Energy Advisory 
Board Task Force on Alternative Futures for the 
DOE National Laboratories. 

Director Marty Blume, Cullie Sparks (ORNL) gave the 
Following opening remarks by BNL Deputy Lab 

inaugural NSLS Distinguished User Presentation. This 
was a thoroughly enjoyable retrospective talk that served 
to remind all users that the reliable operations we cur- 
rently enjoy did not come easily. Through a series of 
anecdotes, the efforts of many individuals were acknowl- 
edged as important for the evolution of the NSLS as a user- 
friendly facility. 

NSLS continues to be a vibrant, growing facility with 
planning for a Phase 3 upgrade and creation of PRT 

generation synchrotron sources are coming on line, the 

confederations. New beamline commissioning and PRT 
reorganizations indicate that the NSLS is continually 
adapting to accommodate the changing needs of the user 
community. 

The morning session ended with the Keynote Ad- 
dress, given by Robert Galvin, Chairman of the Executive 
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Board of Motorola Inc., and Chairman of the Secretary of 
EnergyAdvisory BoardTaskForceonAlternativeFutures 
for the DOE National Laboratories. Mr. Galvin provided 
timely insight on the role of Government in the creative 
process, and most eloquently described his vision for the 
eventual privatization of the National Laboratories. This 
is one step beyond the Task Force recommendation for 
corporatization of the National Laboratory facilities, and 
introduced users to provocative, challenging new con- 
cepts in scientific organization and administration. 

The traditional barbecue lunch provided the venue 
for Special Interest Group (SPIG) meetings and the User 
Executive Committee elections. Elected to serve 2 year 
terms were Doon Gibbs (BNL - Physics), Peter Stephens 
(SUNY @ Stony Brook) and Kim Mohanty (EXXON). 
In addition, recognizing a significantly growing research 
area, the User Association voted to create another special 
interest group for biology. 

After lunch, the scientific program began with Joel 
Berendzen (LANL) showing a wonderfully produced 

device concepts. Sam JSrinsky (NSLS) detailed the com- 
missioning of the Elliptical Polarized Wiggler, and opera- 
tions to 100 Hz with no significant adverse impact on 
operations. With the exciting prospects of easily using 
circularly polarized light, the EPW holds great promise. 
Similarly, Peter Stefan (NSLS) discussed the exceptional 
performance of the Prototype Small Gap Undulator, and 
noted only minimal compromise on lifetime. The 
conference poster session, with 80 contributions, was held 
Tuesday afternoon concurrent with a cocktail reception. 
The wide diversity of contributions again documents the 
importance of research done at the NSLS in many scien- 
tific disciplines. This year, the conference banquet was 
held at the Port Jefferson Country Club where the won- 
derful view and exceptional food were enjoyed by all. In 
a short after-dinner presentation, the Users’ Association 
and the NSLS staffacknowledged the 5 years ofleadership 
Denis McWhan has given as Chairman of the NSLS. 

The meeting resumed Wednesday morning when 
Eric Isaacs (AT&T Bell Labs) demonstrated use of inelas- 

(left to right): Martin Blume (Deputy Director, 
Brookhaven National Labortory) and Louis 
Terminello (Lawrence Livermore National 
Laboratory, Chairman of SSRL Users’ Executive 
Committee). 

(left to right): Xiaodong Zhang and Janos Kitz 
(SUNY @ Stony Brook), with Christopher Buckley 
(King’s College London). 

video demonstration of the crystallography of 
carbonmonoxy myoglobin. Steve Dierker (U. of Michi- 
gan) next provided exciting new results using coherent 
radiation to study complex fluids. Certainly, protein 
crystallography and speckle techniques will continue to be 
important programs at the NSLS and at other synchro- 
tron facilities. 

The NSLS continues to work toward improved 
performance, as evident from the work on new insertion 

tic x-ray scattering in probing electronic structure in 
condensed matter systems. Unlike electron probes, x-rays 
provide good access to momentum transfer, and give a 
more complete picture of the dynamic structure factor. 
Myron Salamon (U. Of Illinois) next explained x-ray 
resonant magnetic scattering measurements used to de- 
tect the induced spin structure in a Dy-Lu alloy film. The 
growth during the last several years in magnetic scattering 
studies using x-rays is remarkable. In another important 
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area, Geraldine Lamble (NSLS) presented several ex- 
amples of applications of XAFS techniques to study 
environmental problems. 

The next two talks demonstrated continued success 
on the W floor. First, John Gland (U. of Michigan) 
talked about the kinetics of organic reactions on metal 
surfaces using fluorescence yield measurements with ul- 
tra-soft x-rays. The morning session concluded when Eric 
Jensen (Brandeis U.) discussed advances in high-resolu- 
tion photoemission techniques. Milli-electron volt reso- 
lution photoemission will become even more widely 
utiliied in the next few years. 

The lunch break on the second day was an opportu- 
nity to acknowledge the Structural Biology building 
addition to the NSLS. Roland Hirsch from the DOE 
Office of Health & Environmental Research was joined 
by BNL Laboratory Director Nicholas Samios, Denis 
McWhan and BNL Biology Department Chairman Wil- 
liam Studier for a ceremonial ribbon cutting. The dedi- 
cation ceremonies, held indoors at Berkner Hall due to 
poor weather conditions, were attended by over 300 
meeting registrants and NSLS staff which indicates the 
importance of structural biology programs in the future. 

The final session began with Mike Toney (IBM 
Almaden) presenting an interesting talk on near surface 
structures in rubbed polymer films. Although there is 
technological relevance (for example, to flat panel dis- 
plays), there is also fundamental interest in this behavior. 
Brenda Laster (BNL - Medical) presented an application 
of synchrotron radiation to cancer radiotherapy using an 
enhancement due to Auger electrons, and its potential for 
diagnostic imaging of malignant breast disease. Her 
enthusiasm for this work underscores the potential impact 
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Attendees of the 1995 Annual Users’ Meeting 
examing the display of one of the 24 exhibitors. 

of such medical applications. Finally, Mike Regan 
(Harvard U.) concluded the scientific program with a 
discussion of reflectivity measurements to understand the 
surface and near-surface layering structure of liquid met- 
als. 

The business of the Meeting was concluded when 
the UEC, in executive session, selected Peter Stephens 
(SUNY) the UEC Chair-Elect and Chair of the Organiz- 
ing Committee for the 1996 Annual Users’ Meeting. 
Planning for the next meeting is already 
underway. 



ELECTRON LASERCONFERENCE 
Han Ben-Zvi and Samuel Krinsky 
NSLS 
Conference Chairmen 

The National Synchrotron Light Source has been 
pursuing the development of new radiation sources for a 
number ofyears. Groundbreaking theoretical and experi- 
mental work at BNL, and the NSLS in particular, has 
strongly contributed to the belief that the next generation 
of light sources will be Free-Electron Lasers (FELs). In 
1992 the Executive Committee of the International FEL 
Conference decided that BNL would host the 1995 FEL 
Conference. This decision was a recognition of the work 
done at BNL on this subject. 

The 17th International Free Electron Laser Confer- 
ence and 2nd International FEL Users Workshop were 

Among the subjects at the center stage of the conference 
were the development of short wavelength FEL and also 
high power devices at longer wavelengths. 

The participants of the conference enjoyed the 
outstanding facilities and rooms of the Marriott Marquis 
hotel as well as the opportunity to visit the Big Apple. 
Tickets to Broadway shows and City tours that were 
provided by the conference organizing committee were in 
great demand. The conference included two receptions 
(one each for the conference and workshop) and a ban- 
quet. Among the events at the banquetwas the traditional 
award ceremony of the FEL Prize and a chamber music 

held August 21-25 in New York City at the Marriott concert. 
Marquis hotel on Times Square. The FEL Conference 
was co-chaired by Ilan Ben&i 
and Samuel Krinsky and the 
Users Workshop was co-chaired 
by Erik Johnson and Glenn 
Edwards of Vanderbuilt Uni- 
versity. The 267 attendees from 
15 countries met to discuss the 
advances in FEL technology 
takingplaceduring thelastyear 
throughout the world, and to 
consider the maturing scien- 
tific programs at Infrared FEL 
User Facilities. The FEL Con- 
ference and FEL Users Work- 
shop were held in parallel ses- 
sions to allow a good interac- 
tion between the radiation 
source scientists and the radia- 
tion users. Over 300 papers 
were presented at the confer- 
ence. The proceedings, to be 
published by North Holland, 
will include about 200 manu- 
scripts in 600 pages of Nuclear 
Instruments and Methods. 

llan Ben-Zvi (far left) and conference attendees at AcceleratorTest Facility (ATF) 
Beamline #2 which is the site of the inverse FEL experiment. The tour of the 
ATF was par t of the Wednesday visit to BNL. 
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Stephen Kramer 
VUV Ring Manager 

has increased over FY 1994 level, due to 
an increase in the number of hours of 
operation. This increase resulted mainly 
from a decrease in maintenance and stud- 
ies time. 

The major improvement in the 
VUV Ring operation has been an in- 
crease in the operating energy of the 
electron beam to 800 MeV. The actual 
increase in energy from field measure- 
ments in the dipole magnets was 8.6% or 
an increase from 744 to 808 MeV. This 
increase was confirmed by measurements 
of the undulator photon energy spectra. 
The advantage of this higher energy has 
been a reduction in Touschek scattering 
rate and an increase in beam lifetime by 
more than 40% (see Figure 7). This 
continues the steady increase in lifetime 
over the last four years, when the 4th 
harmonic RF cavity was commissioned 
and used to increase the electron bunch 
length. Figure 8 shows the improvement 
in the current per fill resulting from this 
improvement program. At the operating 
energy of 800 MeV, a typical 5 hour 

Stephen Kramer, VUV Ring Manager operational fill decays from 850mA to 
about 325 mA, almost a factor of two 
above the current level in 1992. The only 
negative side of this increase in energy has 

Figure 1 shows the breakdown of the VUV Ring been the need to ramp the energy down to the 744 MeV 
operating time for the Fiscal Year 1995. The monthly injection level and back up again. This takes less than half 
breakdown of these statistics is shown Figures (2 to 6). a minute to ramp the energy, contributing very little 
After a steady improvement in the reliability of operation impact on the hours of operation lost due to injection. 
over the past several years, the unscheduled downtime However, after ramping to 800MeV, the dipole field 
increased from under 2% to over 3%. This was largely the undergoes a 15-20 minute relaxation to reach equilibrium 
result of problems with the injection system arising from at the higher field, due to thermal expansion from the 
troubles with the new booster dipole power supply. This higher current in the magnet coils. Since the field change 
will be repaired in FY 1996 and the old power supply will occurs while the user photon optics are warming up and 
remain available as a hot spare, reducing the likelihood of as a result of the Global Orbit Feedback System (GOFS) 
this situation causing a continued reduction of the beam holding the beam stable, the users have yet to see any real 
reliability. Despite this trouble, the integrated current impact from ramping the ring energy. It is planned that 
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the booster peak energy will eventually be increased to 
match the VW operating energy. Continuing this very 
successful increase in ring energy and lifetime will remain 
a high priority for theVUV Ring, however this will not be 
done if the increase could risk the high reliability of 
operation that has been achieved. It should be noted that 
even at the energy level of800 MeV, this represents a 14% 
increase in energy from the design value of 700 MeV and 
a 70% increase in synchrotron radiation power. 

The stability of the electron beam orbit was im- 
proved this year by the implementation of an RF Fre- 
quency Feedback System (RFFFS). This was done by 
programming a workstation rather than a micro-com- 
puter and it corrects the orbit every several seconds by 
adjusting the RF frequency a few Hertz out of 52.886 
MHz. This corrects the horizontal orbit motion by 
shifting the average beam energy (total energy change 

A i < 2x10 -5 or less than 5% of the natural energy spread 

of the beam) as the current and synchrotron power decay, 
a correction not possible with the present GOFS. The 
RFFFS has reduced the horizontal rms orbit motion by a 
factor three and the rms orbit motion at certain position 
monitors by a factor of 10 to 15. The system as expected 
has little improvement or adverse effect on the vertical 
orbit stability. Another improvement in operations has 
been the commissioning of a real-time tuning of the 
undulator gaps (U5U and U13U) during user operations. 
Although this is quite common in higher energy rings 
(e.g. X-Ray Ring), the lower energy of the VUV Ring 
makes orbit steering and betatron tune shifts have a 
greater impact on the bending magnet beamline users. 
The GOFS has always maintained a stable orbit during 
these changes, but the tune changes caused flux changes in 
the high resolution beamlines due to changes in the 
vertical beam size. A program was written to run on the 
workstations to compensate for the tune changes using 
the neighboring quadrupoles, while the gap is being 
changed. This has shown to be satisfactory for all affected 
beamlines and is now in routine operation. 

VUV Ring Time Usage 
Figure 1: The breakdown 
of the VUV Ring usage 
based on total time (not 
scheduled time) for FY95. 

(3.3%) Downtime 
(3.0%) Injection 

(1.8%) Con/Corn 

FY95 Ring Performance Statistics 
8.9%) Maintenance 

Ave. fill current: 835 mA 
Ave. charge rate: 105 mA/min 
Ave. lifetime at 500 mA: 287 min 
Total user integrated current : 

2933 A-Hrs (122.2 A-days) 
Total hours of operation: 5817 hours 
Average operating current: 504 mA 
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Figure 5: The VUV Ring vacuum pressure at 
500 mA beam current averaged over each 
month. 

Figure 2: The VUV Ring injection charge rate 
averaged over all fills in each month. 
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Figure 3: The total integrated current for the Figure 4: The injection current averaged over 
VUV Ring accumulated each month. all fills in a month for the VUV Ring. 
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Figure& TheVUV Ring exponential beam lifetime 
at 500 mA beam current (seven bunch operation 
only) averaged over each month. 
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Figure 7: VUV beam lifetime comparison. 

A major new system was added to the VUV Ring 
during FY 1995, a Superconducting Magnetic Energy 
Storage device (SMES). This device was provided at no 
cost to the NSLS and can provide power to maintain the 
VW Ring beam during transient loss of AC power for 
periods of up to five seconds. Although this system has 
switched-inmany times while maintaining the beam in 
the ring, it has yet to prove itself as a solution to the power 
transient problem from an operational downtime point of 
view. Continued study may eventually prove the SMES 
technology as just such a solution, but in the meantime its 
cost and impact has not had a negative effect on opera- 
tions. 
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Figure 9: VUV Ring top-off mode comparison. 

Finally, a test of the Top-Off Method of Injecting 
(TOMI) of the VUV Ring was performed in February. 
Figure 9 shows the current versus time for this study shift. 
The beam current was maintained by the injection system 
at 500 + 25 mA over a 5 hour shift, by injecting 50 mA 
approximately every 18 minutes. With the average injec- 
tion rate of the injection system this could be done in 30 
seconds or less, but typically was less than one minute. 
Measurements of beam orbit stability during TOMI 
showed factors of 4 to 8 reduction in the vertical and 
horizontal rms beam motion, respectively. This allowed 
high resolution (< 0.1%) IRscans to be made over periods 
of greater than an hour compared to 20 minutes during 
normal operations. The clear advantage to the users, 
besides orbit stability, will be reduced power loading 
effects on their photon beam optics. In order for TOM1 
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Figure 8: VUV current comparison. 

to become an operational reality, considerable effort will 
be in the areas of radiation safety, injection effkiency and 
reproducibility, and to reduce the injection transient 
beam motion (period less than 30 msec. out of the 1.2 
second injection pulse period). In fact TOM1 has been 
the injection method of the VUV Ring for years (prior to 
800 MeV operations), but with a large dynamic range of 
current (850 to 250 mA). Once the technical problems 
are solved, allowing the shutters to remain open during 
the injections, the users could benefit from more stable 
beam and flux with the possibility to increase beam 
brightness without the concern of reduced lifetime that 
has plagued the VUV Ring operations since its 
inception. 
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VUV STORAGE RING PARAMETERS AS OF NOVEMBER 1995 
Normal Operating Energy 

Peak Operating Current (multibunch ops.) 
Circumference 

Number of Beam Ports on Dipoles 
Number of Insertion Devices 

Maximum Length of Insertion Devices 

VEJ 
B(P) 

Electron Orbital Period 
Damping Times 

Lifetime @ 200 mA with 52 MHz 
(with 211 MHz Bunch Lengthening) 
Lattice Structure (Chasman-Green) 

Number of Superperiods 

Magnet Complement 

Nominal Tunes (v,, VJ 
Momentum Compaction 

RF Frequency 
Radiated Power 

RF Peak Voltage with 52 MHz (with 211 MHz) 
Design RF Power with 52 MHz (with 211 MHz) 

Synchrotron Tune (vJ 
Natural Energy Spread (o,/E) 

Bunch Length (20) 
(2l,, with 211 MHz Bunch Lengthening) 

Number of RF Buckets 
Typical Bunch Mode 

Horizontal Damped Emittance (EJ 
Vertical Damped Emittance (&J 

Power per Horizontal milliradian (1 A) 

0.808 GeV 
0.85 amp (0.9 x 1012 e) 
51.0 meters 
17 
2 
w 2.5 meters 
19.9 A (622 eV) 
1.39 Tesla (1.91 meters) 
170.2 nanoseconds 
zx=ry= 13 msec; I = 7 msec 
360 min 
(590 min) 
Separated Function, Quad, Doublets 
4 

C 

8 Bending (1.5 meters each) 
24 Quadrupole (0.3 meters each) 
12 Sextupole (0.2 meters each) 

3.14, 1.24 
0.0235 
52.887 MHz 
20.4 kW/amp of Beam 
80 kV (20 kV) 
50 kW (10 kW) 
0.0018 
5.0x10~,1,<20mA 
9.7 cm (I, < 20 mA) 

(28) 
9 
7 
1.62 x 104 meter-radian 
2 3.5 x KY0 meter-radian (2.8 x lo+ in normal ops.)* 
3.2 Watts 

Arc Source Parameters 
Betatron Function (j3.&,) 

Dispersion Function (n,, q.J 
axy = -p’, 12 

r,,= (1 +a,, VP 
Source Size (ox, $ 

Source Divergence (orroy) 

1.18 to 2.25 m, 10.26 to 14.21 m 
0.500 to 0.062 m, 0.743 to 0.093 m 
-0.046 to 1.087,3.18 to -0.96 
0.738 to 0.970 m-‘, 1.083 to 0.135 m-’ 
536 to 568 Pm, >60 to >70 ).rrn (170-200 Pm in normal ops.)** 
686 to 373 Prad, 19.5 to 6.9 Prad (55-20 prad in normal ops.) 

. . Insertion Device Parameters 
Betatron Function (8, j3J 11.1 m, 5.84 m 

Source Size (ox, oJ 1240 Pm, >45 Pm (130 ).rrn in normal ops.)* * 
Source Divergence (cs~, o,,) 112 Prad, >7.7 Prad (22 Prad in normal ops.) 

I * Ed is adjustable 



Roger Klaffky 
Beamline Technical Liaison 

As determined from the NSLS User Administration 
database statistics, there was a total of 2206 users working 
on scientific programs on both the X-Ray and VUV 
Storage Rings during FY 1995. The percentage break- 
down of users according to home institution was 48.4 % 
from universities, 13.7% from abroad, 13.3% from in- 
dustry, 8.3% from non-BNL DOE labs, 8.2% from 
BNL, 5.3% from government labs, and 2.7% from other 
U.S. institutions. Technical progress on the WVandX- 
Ray beamlines is given below. 

VUV BEAMLINES 

There were a number of technical beamline im- 
provements on the VUV Ring during FY 1995. At U2B 
there were developments on both the Spectra Tech scan- 
ning IR microspectrometer line and the Nicolet 750 IR 
spectrometer line for studies ofmaterials at high pressures. 
The vacuum portion of the microspectrometer line was 
upgraded and new input optics were installed. The 
microspectrometer was commissioned for use with 15X 
and 32X objectives and tests were conducted in the 
Attenuated Total Reflection mode. A new optical system 
with improved signal throughput was installed on the 
high-pressure branch line, and the capability of accom- 
modating larger cryogenic pressure cells was added. 

At U4IR a new Michelson rapid-scan interferom- 
eter was tested in vacuum for future installation. This unit 

. 
has dynamtc alignment of the fured mirror, to remove 
tracking errors in the moving mirror, and is capable of 
scanning at a more rapid rate, which is important in the 
far-IR. An upgrade of the existing Impact-400 Michelson 
interferometer electronics was also initiated. 

As a result of an extensive study of the effect of U5U 
undulator gap changes on the VUV Ring, a program was 
developedwhichmaintains theVUVRinghorizontaland 
vertical tunes essentially constant during + 2 mm gap 
changes. This has the effect of lowering orbit shifts to a 
level acceptable to W users so that 30 minute advance 
notices are now required before U5U gap changes (as 
opposed to the prior 24 hour notice). 

Modification of the U5 spin analyzer power sup- 

plies significantly improved the energy resolution (at 30 
eV photon energy) of spin-integrated spectra to 70 meV 
and of spin-resolved spectra to 100 meV. 

The U5 diagnostic port was upgraded in several 
areas. A 2-D CCD camera with a Spiricon LBA-100 
beam analyzer was put on line so that beam size history 
could be stored on the NSLS computer. A fast vacuum 
photo diode and sampling scope, which gave a bunch 
length averaged over thousands of beam revolutions, was 
replaced with a solid state photo diode, a 10 GHz pulse 
amplifier and a 5 GHz scope to measure bunch lengths 
during a single pass of beam. 

During the winter 1994-5 shutdown, the U7A 
beamline was converted from a toroidal grating mono- 
chromator (TGM) to a spherical grating monochromator 
(SGM). The monochromator portion of the upgraded 
U7A beamline is optically identical to the Ul3UA and 
U4B SGMs. However, the collecting and focusing optic 
upstream of the monochromator is much different: the 
Kirkpatrick-Baez mirror pair, which is used in both the 
Ul3UA and U4B beamlines, is replaced by a single 
toroidal mirror. The slightly poorer focus produced by 
this toroidal mirror at the entrance slit of the SGM results 
in somewhat lower transmission through the entrance slit 
(but no degradation in photon energy resolution). How- 
ever, this transmission loss is more than compensated for, 
in the soft x-ray region, by the elimination of one reflec- 
tion. This new beamline geometry, dubbed the toroidal- 
mirror SGM (TSGM), has the advantages of no horizon- 
tal deflections (so it can fit in smaller angular space) and 
of permitting low-cost TGM+TSGM. 

The multiparameter analyzer system, introduced on 
UYB in FY 1994 to measure the time dependence of 
fluorescence over a wide emission spectrum, was modi- 
fied to permit determination of these quantities simulta- 
neously for both vertically and horizontally polarized 
fluorescent light. The beamline control computer was 
upgraded to a 486 ISA computer. 

A photo elastic modulator with a LiF optical ele- 
ment was tested on Ul 1. This system permits measure- 
ment of circular dichroism to about 120 nm. Also, a 
superconducting magnet capable of reaching 7.5 Tesla 
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was tested. This magnet will be used to measure magnetic 
circular dichroism in the future. AU1 1 capital equipment 
project continued during FY 1995. The upgrade in- 
cluded improvements in: (1) computer hardware and 
software, (2) electronic and electrical equipment, and (3) 
the discharge flow-ionization mass spectrometer. 

The two low energy (20-120 eV) Zeiss gratings( 160 
degrees included angle) were commissioned on Ul3UA 
during FY 1995. A resolving power of 5000 was demon- 
strated at 63 evphoton energy. On U13UB, lightcan be 
switched into any one ofthree instruments: a20 reduction 
Schwarzschild camera operating at 6.8 and 13 nm; an “At- 
Wavelength” interferometer operating at 13 nm; or a 1X 
Offner imaging camera operating at 13 nm. The interfer- 
ometer, commissioned during FY 1995, is capable of 
carryingoutclassicalinterferometryexperimentsat 13nm. 
The 1X Offner camera, assembled and in an initial 
commissioning phase during FY 1995, will be capable of 
exposing wafers over a large (several square mm) area. 

X-RAY BEAMLINES 

A major change occurred in X-Ray operations in 
June 1995 when the maximum operational current 
increased from 250 m4 to 300 mA. To prepare for the 
higher current, water-cooled beryllium windows were 
replaced on beamlines X4C, XGA, XGB, and X26A and 
nineteen white beam windows already in operation at 
250 mAwere checked for leaks. A new beryllium window 
design effort was underway in FY 1995 with the goal of 
installing 17 new windows during the December 1996 
shutdown. Operations at 350 mA would commence in 
January 1997. 

FY 1995 startedoffwithanaggingproblemwith the 
liquid nitrogen transfer system which had slowed down to 
an excruciating fill time of 2.5 hours for a large dewar. 
This problem was remedied when an ice plug was thawed 
out by flowing warm helium gas through the transfer line, 
restoring fill times of less than 30 minutes. 

There were a number of technical improvements on 
X-Ray beamlines during FY 1995. On theX3Al and 
X3A2 beamlines new optics were put into operation. 
Additional improvements included stabilization oftheA 
focused beam position at the sample using a second 
feedback loop to control the focusing mirror tilt. A 
miniature ion chamber is used for precise beam location. 
Also, a high energy Bonse-Hart ultra small-angle x-ray 
scattering instrument was constructed capable of operat- 
ing at 0.65 A. 

The X4C beamline moved closer to an early com- 
missioning phase with the acquisition of all the major 

80 

optical components. The variable focusing white beam 
mirror and mirror tank were assembled. The monochro- 
mator tank was delivered and fabrication of the mono- 
chromator bender and tilt and translation stages began. 

On theX6A beamline, a new 4-point crystal bender 
was built which incorporates water cooling, crystal align- 
ment and crystal tension release devices. These features 
will reduce aberration and increase stability. A new 
version of the beamline control software, EXAFS, was 
developed which includes procedures for polarization, 
magnetic circular dichroism (MCD) and synchronized 
laser measurements. 

At X7B image plate data collection techniques were 
implemented for time-dependent powder diffraction. An 
image plate holder providing for controlled translation of 
the image plate past a slit, permitted the collection of 
complete series of powder patterns down to 10 second 
intervals. The XPA beamline was under construction. 
The hutch, photon shutter, primary aperture, and mono- 
chromator tank were completed. 

The Xl 1A hutch was expanded to make room for 
various experimental setups including a 13 element detec- 
tor, UHV chambers, a large LN, dewar and a catalysis rig. 
The Xl 1A motor driver system was converted from the 
Measurematic system to an ACS Step-l% system. A 
more robust support was constructed for the Lytle detec- 
tor to damp mechanical vibrations. The Xl 1B double- 
bounce harmonic rejection mirror was mounted and 
characterized. 

AnewfocusingmirrorwasinstalledonX12Cwhich 
increased flux through a 200 micrometer aperture by a 
factor of 2.5. 

At X15A n?ro additional circles were added to the 
diffractometer, bringing it up to four-circle capability. 
Also, a hemispherical electron analyzer was installed on 
the UHV X-ray diffraction chamber. 

A load lock was installed on the XlGA beamline 
diffraction chamber to allow for fast sample switching of 
Si( 111) experiments and to include chemical treatment 
steps in the surface preparation without breakingvacuum 
or losing alignment. At XlGC a UHV surface EXAFS 
chamber was commissioned. 

On the X17B2 angiography/MECT(multiple en- 
ergy computed tomography) beamline the new patient 
chair, monochromator, filter and attenuator assemblies 
were used to image angiography patients. A new patient 
safety interlock system was also installed and tested. 
Beamline modifications resulted in the first MECT ex- 
periments being performed on phantoms and small ani- 
mals in the imaging room. 

New computer systems were acquired for the Xl 8A 
beamline and optical encoders were integrated with the 



monochromator. Software enhancements included im- 
proved backlash compensation for all motors. At Xl 8B, a 
new monochromator was installed which covers the 7 
KeV to greater than 50 KeV range using the Si(ll1) 
reflection. This is a water-cooled, detunable monolithic 
device providing simple, stable operation. 

The XlPA thin window system was installed. This 
system incorporates sensors and controls to close two fast 
valves in case of a window rupture. A number of other 
improvements were 
implemented. A goni- 
ometer system for per- 
forming single crystal x- 
ray absorption experi- 
ments was developed. A 
triple-bounce crystal sys- 
tem significantly en- 
hanced the operation of 
the line at the sulphur 
K-edge by reducing the 
detuning required for 
harmonic rejection. 
Data collection software 
was implemented which 
may become a standard 
for NSLS x-ray absorp- 
tion spectroscopy 
beamlines. 

A high stability 
scanning stage was fully 
commissioned on the 
white beam topography 
camera on beamline 
Xl PC. This enables the 
recording of scanned 
images of very large 

AtX24A, anewnickel-coatedsiliconprimaryspheri- 
cal mirror was specified, procured and characterized (less 
than 3 A RMS roughness). An increase of about two in 
flux delivered to the experimental chamber is expected at 
3 keV. Better on-line alignment controls were imple- 
mented to ease the stringency of off-line pre-adjustment 
of monochromator crystals. 

AtX26A there was continued improvement ofx-ray 
fluorescence and microbeam production instrumenta- 

The new control room with NSLS Operations Staff: (counterclockwise from lower left) 
Lenny Pharr, Billy Jew, tony Rodriquez, Mike Santana, and John Aloi. 

single crystals in asingle exposure. A routine experimental 
program began at X22A, a high-flux beamline for electro- 
chemical studies. The X22B hutch was modified to 
accommodate a collaborator’s 13 Tesla superconducting 
magnet. This entailed upgrades to the spectrometer table, 
radiation shielding, mu-metal shielding around the hutch 
and to the magnet sample holder. Also, a positive- 
feedback vibration isolator and three-fold increase in 
sample translation range were implemented on the liquid 
surface spectrometer. 

tion. Work continued on developing and testing 
Kirkpatrick-Baez microfocusing mirrors. The K-B mir- 
rors have produced x-ray beam sizes down to two microns 
with gains of about 1000 over pinhole-produced beams. 
A CCD camera system was tested for microtomography 
applications. 

AtX27C development ofanx-ray microtomography 
facility began. The instrument relies on a coole 

4 
charge- 

coupled device imaging camera lens-coupled to a single 
crystal phosphor. A resolution less than 10 microns has 
been achieved with a 2mm x 2mm field of view. At X23A2 the beamline computer system sofiware 

was upgraded. The X23B upgrade to extend the energy 
range and to improve the focal spot continued with the 
successf%l testing of a prototype monochromator and the 
testing of new x-ray mirrors in BNL’s Optical Metrology 
Shop. The mirror surface roughness was below 5 A 

A pinhole camera became operational at X28C and 
was interfaced to the accelerator control system, as a 
storage ring diagnostic. Aslitted detector used with the x- 
ray pinhole also was used to study the frequency depen- 
dence of the beam size and beam position changes. 
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Thermal calculations performed on stainless steel 
fast valve blades indicated that the blades might melt after 
being fired and before the front mask would have time to 
close (which is about 0.7seconds onX24). Since theX24A 
fast valve had fired a number of times during stored beam 
conditions, it was inspected during the May 1995 shut- 
down. The blade had a hole burned through it, as 
predicted from the calculations. The 8 mil stainless steel 
bladesonXlPAandX%Awere thenreplacedwith 10mil 
thickmolybdenum blades. A test to fire theX24 fast valve 
with currents above 400 mA was planned for just prior to 
the December 1995 shutdown. 

A major improvement on the X-Ray floor was a 
building expansion betweenX1 andX12 which gave these 
beamlines more space by creating awalkway outside of the 
old building perimeter and provided these beamlines with 
new dedicated user labs. This same expansion provided a 
new expanded Control Room which began operation in 
September 1995 without any disruption to X- 
Ray operations. 
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Roger Klaffky 
X-Ray Operations Manager 

The X-Ray Ring usage for FY 1995 is broken down 
in Figure 1. The percentage breakdown by categories is 
virtually the same as for FY 1994. There was a slight 
(1.6%) decrease in the operations percentage caused by 
the simultaneous failure of three of the four NWL Booster 
dipole power supply transformers in July. Operations 
were restored after the original Kirkoff supply was reacti- 
vated. Beam remained in the ring for 5 days, so that only 
2 days of operations were lost. The transformers that 
failed had aluminum sheet windings with compression 
crimps on the copper power feeds. They had failed at the 
junction of the copper feeds and the aluminum sheet. 
New transformers were ordered with copper sheet wind- 
ings and copper bars silver-soldered to the copper wind- 
ings. 

There was considerable activity on the Xl 3 straight 
section during FY 1995. During the December 1994 
shutdown, the NSLS Prototype Small Gap Undulator 
(PSGU) was removed so that vacuum chamber flanges 
could be re-machined to reduce the minimum electron 
beam aperture from 3.8 mm to 1.0 mm. The Elliptically 

Polarized Wiggler (EPW) was installed in theXl3 straight 
section during this same shutdown. The EPW began 
operation at 2 Hz in April after studies shifts had demon- 
strated that it had a negligible effect on users’ beam. 
During the May 1995 shutdown trim magnets were 
installed to better compensate for vertical orbit motion 
caused by the EPW. The PSGU was reinstalled during the 
May 1995 shutdown and, in August, the photon spec- 
trum showed that the design goal was achieved: a 2.5 keV 
fundamental, and a 7.5 keV third harmonic for a 2.5 mm 
electron beam aperture and a 5.6 mm magnet gap. The 
partial lifetime contribution was 36 hours. Shortly after- 
wards, the PSGU began operations at a 4.0 mm electron 
beam aperture and 7.5 mm magnet gap. Due to the 
reduction in beam lifetime at gaps less than 4mm, 
anyoperation at less than 4 mm will require approval by X- 
Ray users. 

The maximum operational current of the X-Ray 
Ringincreasedfrom250mA to300mAattheendofJune 
1995. Before this boost in current could occur, a number 
of upgrades and tests had to be performed to comply with 

X-Ray Ring Time Usage 

0 

0’3 DEC FEB APR JUN AUG 

Figure 1: The Breakdown of the X-Ray Ring usage Figure 2: The total integrated current for the X-Ray Ring 
based on total time (not scheduled time) for FY95. accumulated each month for FY95. 
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the recommendations of the NSLS X-Ray Thermal Lim- 
its Task Force. Four water-cooled white beam beryllium 
windows were replaced and nineteen white beam win- 
dows already in operation at 250 mA were checked for 
leaks. Also, the X-Ray Ring active interlock system, with 
the exception of X13, was certified after the calibration 
and linearity of the system was verified up to 350 rnA 
during 25 bunch operation. Finally, the front end masks 
on X2 1 and X25 were interlocked so they could not close 
unless the wiggler gaps were 
open. At the present time, op- 
eration of the ring up to 438 
n-A ( at 2.584 GeV) or up to 
250 mA at 2.8 GeV is possible 
during studies and template 
shifts. Beam lines having com- 
patible beryllium windows and 
the proper radiation shielding 
will be allowed to operate dur- 
ing these shifts. 

active interlock beam position monitor electronics were 
also upgraded. The AGC dynamic range was extended 
from 35 dB to 55 dB to allow prefill tests at 7 mA and to 
permit operations up to 434 mA. In the future, the 
improved electronics will be installed on the other ring 
bpms not in the active interlock system. 

There were several successful trial runs of the digital 
orbit feedback system in the horizontal plane. The 
sampling frequency of the orbit micro was increased from 

In order for operations 
to occur at currents above 300 
mA for all beamlines, a size- 
able number of beryllium win- 
dows will have to be replaced. 
Operation at 438 mA requires 
replacement of a total of 34 
additional windows. A new 
beryllium window design ef- 
fort was underway in FY 1995 
with the goal of installation of 
17 new windows during the 
December 1996 shutdown, 

Roger Klaffky, X-Ray Ring Manager 

which is halfway to the number required for 438 mA 
operation and more than required for 350 r-m4 operation. 
Operationsat350mAwouldcommenceinJanuary 1997. 

There was progress in further stabilizing the elec- 
tron beam position and size during FY 1995. In late ‘94 
the global feedback gain was increased by a factor of 3 at 
low frequencies ant the bandwidth was increased from 60 
Hz to 200 Hz. To avoid changes in horizontal andvertical 
beam size occurring at specificXRF2 tuner positions ( i.e. 
higher order modes) during a fill, the XRF2 temperature 
ramp was adjusted. The XRF3 tuner temperature was 
adjusted so that its resonance occurred during the first 
hour after the fill which is the time that orbit corrections 
are made. Plans were made to attenuate these modes 
during the December1995 shutdown. To track these 
beam size changes, the X28 profile monitor Spiracon was 
interfaced to the NSLS computer system to keep a daily 
history of beam size and position. 

To enable high current operations, the X-Ray Ring 
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60 Hz to 500 Hz to allow the digital feedback system to 
work. The higher sampling frequency will prove useful in 
diagnosing rapid orbit motion problems. 

There were a number of steps taken to reduce 
downtime. A significant improvement resulted from 
running the RF systems with gap voltages adjusted so that 
if one system drops out, the three remaining systems can 
carry the beam load (up to 250 mA) without a beam 
dump. Also, the X-Ray Ring, VUV Ring, and Linac/ 
Booster vacuum systems were placed on emergency power. 

Considerable progress in the reliability of the NSLS 
water and compressed air systems was achieved by adding 
redundancy, and improving control and service ability. 
During the December 1994 shutdown, a third High 
Pressure Copper System water pump was installed allow- 
ing the pumps to operate within their design specifica- 
tions. Pressure control was added to this system to 
maintain constant flow. The addition of cooling and 
compressed air from the BNL Central Chilled Water 



Facility (CCWF) provided needed redundancy to the 
NSLS chillers and air compressors. The four NSLS 
chillers and air compressors have stood alone when the 
CCWJ? was down for maintenance/repair. Digital pro- 
portional integral controllers have significantly improved 
temperature control. Temperature jumps of 8 degrees F 
in the Low Pressure Copper water after an X-Ray dump 
or fill were reduced to 1 degree. Additionally, the RMS 
temperature changes in the water systems during stored 
beam conditions were reduced by a factor of 3 to 5. There 
was an ongoing effort to improve the serviceability of the 
proteus flow rate monitors by moving the proteus units 
from under the ring magnets and redesigning the plumb- 
ing to maintain a constant pressure boundary during 
testing and maintenance. To better track failure rates and 
pinpoint possible problems areas, there was implementa- 
tion of color coding (according to time period of installa- 
tion) of water and air hoses, and of an air solenoid 
inventory. 

Finally, the new NSLS Control Room started up in 
September 1995, with no disruption to opera- ~ 
tions. El 



X-RAY STORAGE RING PARAMETERS AS OF NOVEMBER 1995 
Normal Operating Energy 

Maximum Operating Current 
Lifetime 

Circumference 
Number of Beam Ports on Dipoles 

Number of Insertion Devices 
Maximum Length of Insertion Devices 

h,(EJ at 1.25 T (B) 
h,(E) at 5.0 T (W) 

B(P) 
Electron Orbital Period 

Damping Times (2.584 CeV) 
Touschek (2.584 CeV, 0.25A) 

Lattice Structure (Chasman-Green) 
Number of Superperiods 

Magnet Complement 

32 Sextupole 
Nominal Tunes (v,, VJ 

Momentum Compaction 
R.F. Frequency 

Radiated Power for Bending Magnets 
R.F. Peak Voltage 
Design R.F. Power 

v, (Synchrotron tune) 
Natural Energy Spread (o,/E) 

Natural Bunch Length (20) 
Number of RF Buckets 

Typical Bunch Mode 
Horizontal Damped Emittance (EJ 

Vertical Damped Emittance (EJ 
Power per Horizontal milliradian (0.25A) 

2.584 GeV 
0.30 amp (1012 e) 
-20 hours 
170.1 meters 
30 
5 
< 4.50 meters 
2.23 i\ (5.6 keV) 
0.56 A (22.2 keV) 
1.25 Tesla (6.875 meters) 
567.2 nanoseconds 
zx = zy = 6 msec; 2, = 3 msec 
227 hrs (vRF = 700 kV) 
Separated Function, Quad Triplets 
8 

C 

16 Bending (2.7 meters each) 
40 Quadrupole (0.45 meters each) 
16 Quadrupole (0.80 meters each) 

(0.20 meters each) 
9.15, 6.20 
0.0056 
52.88 MHz 
144 kW/O.25 amp of Beam 
1000 kV 
400 kW 
0.002 
8.6 x IO-4 
10.5 cm 
30 
25 
1.1 x 10” meter-radian 
1 x Kr10 meter-radian 
23 watts 

-. Arc Source Parameters 
Betatron function @.J3J 1.0 to 3.8 m, 7.9 to 26.5 m 

Dispersion function (n,,nJ 0.47 to -0.11, -0.39 to 0.22 

Ql = -I372 -0.49 to 1.62, -3.4 to 4.5 

Y,, = (1 +~zy2)@, 0.952 to 0.962 m-l, 0.81 to 0.52 m-l 
Source size (ox+,) 371 to 565 Pm, 27 to 49 pm 

Source divergence (oX,oY) 439 to 324 Prad, 8 to 7 Prad 

. Insertion Device Parameters m 
Betatron function (p,,pJ 1.60 m, 0.35 m 

Source divergence (o.&) 260 Prad, 35 prad 
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Erik D. Johnson 
SD1 Project Manager 

The NSLS has a deep interest in providing its user 
community with state of the art resources for their re- 
search, now and in the future. Beyond its immediate 
function of satisfying the requirements of the existing 
storage ring users, the NSLS must endeavor to anticipate 
and provide for needs which may be, as yet, unimagined. 
Although this activity can follow many threads, source 
development is clearly an area where considerable progress 
can be realized. FEL based sources hold the promise many 
orders of magnitude improvement in peak power over 
storage rings, and access to phenomena at sub-picosecond 
time scales. 

For this reason, the NSLS has been engaged in the 
development of proposals for a Free Electron Laser user 
oriented facility operating in the Ultra-Violet for more 
than five years. This work culminated in the Deep Ultra- 
Violet Free Electron Laser (D W-FEL) conceptual design 
reportwhichwas released in January of 1994. It details the 
scientific motivation, and describes a user facility de- 
signed to meet those needs. The DW-FEL could pro- 
duce picosecond pulses of W radiation at wavelengths as 
short as 75 nm and peak power of several hundred 
megawatts. A subsequent development proposes FEL 
operation in a chirped pulse mode which could produce 
4 femtosecond pulses at 88 nm with peak power of 100 
GW. 

Recognizing the potential impact of FELs on their 
core programs, the DOE commissioned the National 
Research Council to perform a study of Free Electron 
Lasers and Other Coherent Sources of Radiation to aid in 
evaluating their role in DOE programs. In its August 
1994 report, the NRC panel recommended support for 
preliminary R&D to establish the feasibility of construct- 
ing a user oriented FEL in the VUV. Acting on this 
recommendation, the NSLS established the Source De- 
velopment Laboratory (SDL). In broad terms, the 
function of the SDL is to facilitate the coordinated 
development of sources and experiments to produce and 
utilize coherent sub-picosecond synchrotron radiation. 
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The SDL accelerator system is located in building 
729, and will consist of a high brightness short pulse linac, 
a station for coherent synchrotron and transition radia- 
tion experiments, ashort bunch storage ring, and an ultra- 
violet free electron laser utilizing theNISUS wiggler. This 
accelerator will be realized by installing a photocathode 
electron gun of the type developed at the BNL-ATF on 
the existing 230 MeV linac. With the addition of a 
magnetic pulse compressor, the linac will supply 1nC 
bunches with a 1OOpm RMS (T length (ca. 1000 A peak 
current). As outlined in the 1994 NSLS annual report, 
the accelerator part of the SDL program can be thought of 
as occurring in three stages; all based on the production of 
short electron bunches: 

I 1OOltm Compressed Bunch Experiments 
II UP-FEL Ultraviolet Project Free Electron Laser 
III Compact Storage Ring with High Frequency RF. 

For each of the sources, experiments utilizing the 
radiation they produce have been identified, and PI’s 
from outside BNL have agreed to participate in early 
utilization of these sources while still under development. 
This close interaction between end users and source 
developers will help to focus research activities on the 
properties of the sources which will be most important for 
the research they are designed to enable. 

The first stage of development represents establish- 
ment of the short pulse electron source and its character- 
ization. One experiment planned with the recommis- 
sioned linac will utilize coherent transition radiation and 
an electron bunch to make pump-probe measurements of 
the response of highly excited dielectric media. This 
experiment also provides a method to diagnose and moni- 
tor the electron beam performance in subsequent experi- 
ments. The second stage is an incremental program of 
FEL source and experiment development which forms the 
centerpiece of the SDL program. It starts with Self 
Amplified Spontaneous Emission (SASE) operation of 



the FEL which is, at least conceptually, the most straight- 
forward type of single pass FEL. With the addition of an 
energy modulation wiggler and dispersive section, opera- 
tion with an optically seeded beam becomes possible. 
This allows for shorter wavelength radiation through 
Harmonic Generation and increased pulse energy by 
Chirped Pulse amplification. These experiments will 
extend the range of FEL operation to wavelengths below 
100 nm, and peak power exceeding 100 GW. The third 
stage, which may actually be carried on in parallel with the 
FEL program, explores the use of the short bunch beam in 

storage ring. It represents a promising alternative to 

laboratory and much of the hardware are recovered from 
various curtailed or terminated programs. The 230 MeV 
linac is derived from the DARPA SXLS project as is much 
of the storage ring. The 10 meter long NISUS undulator 
provides the amplifier for the FEL experiments. It was 

built by STI-Optronics for Boeing Space and Defense in 
Seattle as part of a contract with the US Army Space & 
Strategic Defense Commands Directed Energy Weapons 
Program. The FEL amplifier R&D component of the 
SDL is part ofa broad based collaboration involving many 
institutions interested in the development of short wave- 
length FEL technology, as r ecommended by the NRC 

report. Apart from 
BNL, this effort includes 
other DOE laboratories 
(CEBAF, LBL, LANL, 
SLAC), industrial part- 
ners (Boeing, Northrup 
Grumman, STI- 
Optronics), and univer- 
sities (Duke, UCLA). 

Activities during 
19 9 5 reflected the foun- 
dation phase for the 
SDL. Building 729 was 
expanded to accept the 
full SDL accelerator. 
The NISUS undulator 
was moved to its work- 
ing location and con- 
nection of its control 
electronics was started. 
Reconfiguration of the 
linac and shielding was 
initiated as was planning 
for a clean room to house 
the laser systems. A 
Titanium:sapphirelaser 
was specified and pro- 
cured to drive the pho- 
tocathode gun, and in 

Pictured in position at the Source Development Laboratory (SDL) with the National 
Synchrotron Light Source (NSLS) in the background, NISUS is being inspected by 
some of those at the NSlS involved in putting SDL together and planning its future 
experiments: (from left) Physicist llan Ben-Zvi; Erik Johnson, SDL Project Manager; 
Physicist Li-Hua Yu; and Samuel Krinsky, NSlS Deputy Chairman. 

FELs or conventional storage rings as a source ofcoherent 
radiation in the far-infrared. In this case the storage ring 
is the recovered XLS ring, modified to provide coherent 
radiation at 300pm wavelengths and longer. This is 
accomplished by reconfiguring the ring to operate with a 
high frequency RF system, and a reduced momentum 
compaction lattice. 

Given the fiscal realities of today, the SDL program 
has been structured to utilize existing equipment to the 
greatest extent possible, and encourage collaboration both 
within and outside of BNL. To that end, the site for the 

future, act as a seed laser. Assembly of the electron linac is 
scheduled to be completed, with parallel activities in 
design and commissioning of equipment for the FEL and 
storage ring experiments. With the assembly of the 
accelerator well underway, the SDLwill be an increasingly 
visible activity during 19 9 6. Those of us directly associ- 
ated with the project look forward to starting 
experiments in the following year. 

0 
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The NSLS has an active program in R&D in the 
production of short-wavelength coherent radiation 
through its involvement in the Accelerator Test Facility. 

The Accelerator Test Facility (ATF) is a User’s 
Facility for accelerator and beam physicists, operated by 
the NSLS and the BNL Center for Accelerator Physics. 
There is no other peer-reviewed facility like the ATF that 
is dedicated for long range R&D in accelerator and beam 

the ATF, there is a number of FEL experiments. A few of 
them are centered about ATF beam line #3, where a 
microundulator oscillator experiment is nearing opera- 
tion and others are conducted on beam line #2, like the 
High Gain Harmonic Generation FEL. 

AsuperconductingG8periodmicro-undulator (with 
a period of 0.88 cm and 0.5 Tesla peak field at a gap of 
0.44 cm) has been developed at the NSLS. Prototypes of 

this undulator (up to 23 peri- 
ods long) were built and per- 
formed extremely well in su- 
perconducting tests. The field 
errors of the undulator were 
very low as constructed, mak- 
ing this perhaps the first 
undulator that will require no 
trimming after manufacture. 
The FELexperiment makes use 
of the short period of the 
undulator and the low emit- 
tance beam generated by the 
RF photocathode gun to oper- 
ate at 500 nm with a 50 MeV 
electron beam. Since the ATF 
electron beam energy is cur- 
rently at about 70 MeV, lasing 
at below 250 nm should be 
possible. The technology de- 
veloped for this undulator will 
be used to develop a 4 to 5 mm 
period, small gap undulatorpro- 
totype for the National Syn- 
chrotron Light Source X-Ray 
Ring. 

Han Ben-Zvi at the Accelerator Test Facility’s experiment hall. 

physics. In addition to its singular role, the ATF also has 
a unique combination ofa high-brightness electron beam, 
synchronized high power lasers, and a well equipped, 3 
beamline experiment hall. The high brightness electron 
beam of the ATF, produced by a laser-photocathode RF 
gun, makes it an ideal site for R&D on Free-Electron 
Lasers (FEL) . 

Among the 15 currently approved experiments on 

92 

An MIT group is carrying out a test of a pulsed 
microundulator. This undulator, which is currently in- 
stalled on the beam line, has parameters that are very 
similar to those ofthe superferric undulator. Spontaneous 
emission has already been observed from this device and 
preparations are under way to get lasing in the near future. 
A third user group is from Columbia University. They 
will be using the oscillator experiment for studies of 



spiking and optical guiding in FELs. 
The high-gain harmonic-generation experiment will 

be located on beamline#2. This experiment is carried out 
by a NSLS group headed by Li-Hua Yu. The experiment 
is done in collaboration with Northrop - Grumman, 
which is providing many components of the undulator for 
the experiment. This undulator is a derivative of the 
superconducting micro-undulator of the visible FEL os- 
cillator. It uses the same principle of a continuous yoke 
but has parabolic pole faces for two-axis focusing and four 
distinct regions: a prebunching undulator, a dispersive 
section, an exponential growth section and a tapered 
section. This experiment emulates the FEL physics of the 
NSLS approach to WVFELs. This approach is based on 
single pass, seeded FEL amplifiers driven by Ti:sapphire 
lasers. The final stage of harmonic generation is being 
done in the FEL. The principle of high gain harmonic 
generation will be tested and characterized in these experi- 
ments, as well as the superconducting undulator, the 
undulator diagnostics, error and alignment studies and 
tapering control. 

Another experiment at beam line #2 has recently 
broken the world record for Inverse FEL acceleration of 
electrons. This experiment, headed by Arie van 
Steenbergen, used the high-power CO, laser of the ATF 
and a special variable period wiggler to impart 2% 
acceleration to a 40 MeV beam, using about 0.5 GW of 
the CO, laser. This experiment, which is like an FEL 
amplifier operated in reverse, is motivated by the interest 
to develop a compact, high-gradient electron accelerator. 

The development of a high brightness electron 
beam is essential to the production of coherent short 
wavelength radiation. The length of both accelerator and 
wiggler of the FEL will decrease sharply with improved 
beam brightness. In a remarkable case of parallel evolu- 
tion, this work is also important to High Energy Physics 
for the construction of future linear colliders. Thus the 
ATF is enjoying considerable support from the DOE 
office of High Energy Physics. R&D at the ATF on the 
generation of high brightness beam placed the NSLS in an 
international leadership position. The electron gun ofthe 
ATF generates its high current, low emittance beam by 
irradiating a high-quantum-efficiency metal-cathode in 
the presence of very high intensity RF electric fields. The 
generation and careful manipulation of such beams are 
areas of intense activity in accelerator physics, being the 
key to short wavelength FELs. A new magnesium photo- 
cathode has demonstrated an order-of-magnitude in- 
crease in quantum efficiency with a (so far) unlimited 
lifetime. The ATF is leading two new collaboration for 
the development of RF guns, one with SLAC and UCLA, 
and the other with Japan, KEK and Sumitomo. 

, 

Two significant experiments have been recently 
reported by the ATF staff. The first is a measurement of 
the slice-emittance of an electron bunch from the ATF 
electron gun. This newly developed technique makes it 
possible to study in detail the longitudinal dependence of 
the transverse beam-matrix of short slices with 1 picosec- 
ond resolution. The slice-emittance measurement en- 
abled us to examine the evolution ofthe beam while it goes 
through the important emittance-compensation process. 
Emittance compensation is a linear correlation-removal 
process that has led to the improvements in photocathode 
RF gun beam brightness and to the recent enhanced 
interest in x-ray FELs. The slice-emittance measurement 
should allow us to do non-linear emittance corrections 
that promise even better x-ray FELs. The second develop- 
ment is the observation of micro-bunching of the ATF’s 
beam. Under certain conditions it is possible to obtain 
sub-picosecond long bunches with a high charge and 
good emittance. This happens when the photocathode 
laser is adjusted to a small phase, leading to bunch 
compression in the drift space between the gun and the 
linac. One picosecond bunch lengths have been measured 
(using a variation of the slice emittance set-up). Much 
shorter bunches are predicted theoretically, but await a 
further refinement of Eric Blum’s coherent radiation 
detector. Eric has already observed coherent radiation 
from the ATF’s beam. An installation of a spectrometer 
will allow sub-picosecond bunch length measurement. 

As a result of the bunch compression, the bunch 
length of the ATF can be changed easily from about 10 
picoseconds to under one. If this bunch is collided with 
an energetic pulse from the ATF’s synchronized CO, 
laser, a pulse with the same short length of X-rays is 
produced. Compton back-scattering oflasers by electrons 
is a unique X-Ray source. Preliminary estimates indicate 
that it should be possible to generate elliptically polarized 
2 x lo8 photons pulse of 8 KeV x-rays using the ATF’s 
future 1 TW CO, laser and its 70MeV linac. A contract 
for the construction of parts for the ATF’s compact 
picosecond Terawatt laser was signed last year. 

In a significant contribution to the education of 
future generation of accelerator physicists, eight graduate 
students have finished their thesis at the ATF and six 
others (from Columbia, Dartmouth, MIT, Stanford, 
Stony Brook and UCLA) are currently doing thesis re- 
search at this facility. More information on the ATF can 
be found on the World Wide Web, with a hyperlink from - 
either the National Synchrotron Light Source 
or BNL Home Pages. 8 
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~NSLS.FA&LITY IMPROWWENTS 
Frank Terrano 
Mike Kelly 

FY 19 9 5 saw the completion of two construction 
initiatives alongwith several other facility related projects. 
The successful completion of these efforts has allowed us 
to make further progress toward our goals of enhancing 
the research environment, and generally making the 
NSLS a friendlier place for users to visit. 

In March of 19 9 5 the NSLS took occupancy of the 
Structural Biology addition. The 6,300 square foot 
addition includes laboratories for Xl 1, X10, XY, X8C, 
X6, and X3Bl shared with X7. It also houses a general 
user structural biology laboratory with a cold box, a 
general user laboratory, and a conference room. XY and 
X8C have a shared cold box located between their labo- 
ratories. 

In December the NSLS took occupancy of the Xl- 
X4 Control Room addition. This addition includes a 
laboratory for X4 with cold room, laboratories for XlA 
and X2, and storage/setup space for XlB and X3. It also 
includes a new NSLS control room, almost doubling the 
size of the old one. The NSLS Safety Group and Building 
Manager now occupy this space close to the new control 
room. The old control room will house the off duty 
Operations Coordinators. The NSIS User shop, previ- 
ously at the other end of the tunnel in building #535 has 
moved up onto the experimental floor, making it closer to 
the setup space and stockroom. 

Every beamline will now have a laboratory or setup/ 
storage area to support their operations. 

Structural 
Biology 
Addition 

Xl -X4 Control Room Addition 
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The connection oftheNSLS building to the Central 
Chilled Water Facility was completed. This will add 
greater flexibility as well as redundancy capabilities to the 
machine and comfort cooling of the facility. The final 
phase which will be to add connections for the experimen- 
tal water system is expected to be completed in FY 19 9 6. 

In May 1995, a Superconducting Magnet Energy 
Source (SMES) was installed for testing on the NSLS 
VUV Ring. Acquired from the U.S. Air Force, the system 
is housed in a standard trailer adjacent to the east side of 
building 725. The SMES is designed to cut in when an 
AC power disturbance is detected and is expected to 

handle at least a 2 second power outage of the VUV Ring 
with all its ancillary components. This should enable us 
to ride out LILCO power fluctuations which would have 
previously dumped the beam. Afeer about a year or so 
testing, a decision will be made as to whether to place the 
entire faciliv on the SMES system. 

Building729, theSourceDevelopment Laboratory, 
was extended forty feet to house the NISUS wiggler and 
Linac tandem. A chiller was plumbed into the building 
which will handle machine cooling and comfort cooling 
of the facility. 

Dedication of the NSLS Structural 
Biology addition on May 10, 1995: 
Roland Hirsch from the DOE Office of 
Health &Environmental Research (far 
right) was joined by (left to right) BNL 
Laboratory Director Nicholas Samios, 
Denis McWhan (BNL Associate 
Director for BEYActing NSLS Chair) 
and William Studier (BNL Biology 
Department Chairman) for a 
ceremonial ribbon cutting. 

Eric Sirota (Exxon Research Et 
Engineering Co.) and Helmut 
Strey (NIST) in one of the new 
laboratories on the NSLS 
experimental floor. 
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Users’ Executive Committee 

The Users’ Executive Committee (UEC) provides for organized 
discussions among the user community, NSLS administration, 
and laboratory directorate. It aims to communicate current and 
future needs, concerns, trends within the user community to 
NSLS staff and management, and to disseminate to the users 
information about NSLS and BNL plans. Members were: 

Chairperson: Paul Zschack, ORNL 
Vice-Chairperson: Peter Stephens, SUNY-Stony Brook 

Past -Chairperson: Jean Jordan-Sweet, IBM 
Secretary: Sue Wirick, SUNY-Stony Brook 

Daniel Fischer, NIST 
Doon Gibbs, BNL-Physics 

Kim Mohanty, BNL-Physics 
Kevin Smith, Boston U. 

Ex-Officio: Eva Rothman, NSLS 

Special Interest Group Representatives 

Special interest groups in areas of common concern communicate with NSLS 
management through the UEC. Group representatives were: 

Atomic and Molecular Science David Hanson, SUNY- Stony Brook 
Biological Scattering, Crystallography Stephan Ginell, ANL 

Energy Dispersive Diffraction Syed Qadri, Naval Research Lab 
Imaging Sue Wirick, SUNY- Stony Brook 

Nuclear Physics Craig Thorn, BNL-Physics 
Students and Post Dots David Johnson, BNL-Chemistry 

Time Resolved Spectroscopy Jon Levin, U. of Tennessee 
Topography Michael Dudley, SUNY-Stony Brook 

UV Photoemission, Surface Science Boris Sinkovic, NYU 
XAFS Simon Bare, Dow Chemical 

X-Ray Scattering, Crystallography Ben Ocko, BNL-Physics 
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Science Advisory Committee 

The Science Advisory Committee (SAC) evaluates the science 
programs atthe NSLS and makes recommendationstothe Chairman. 
The SAC met in March of 1995 and its members were: 

B. Batterman, CHESS, Cornell U. 
Gene Dresselhaus, National Magnet Laboratory, MIT 
Richard Martin, Department of Physics, U. of Illinois 

Yves Petrof, ESRF 
David Shirley, Penn State University 

Janet Smith, Department of Biological Science, Perdue U. 
Chandra Varma, AT&T Bell Laboratories 

General User Proposal Study Panels 

The Proposal Study Panels met in November 1994, March 1995, and July 1995 to review and rate General 
User research proposals forthe FY 1995 cycles. PSP members are drawn from the scientific community and 
usually serve a two year term. Members during FY 1995 were: 

UV Panel 

Steve Hulbert NSIS 
Theodore Madey Rutgers U. 

Cliff Olson Ames Laboratory 
John Sutherland BNL-Biology 

X-Ray Imaging/Other Panel 

Harold Ade NCSU 

X-Ray Spectroscopy Panel 

Bruce Bunker U. of Notre Dame 
John Faber Amoco 

Ronald Felton Georgia Inst. of Tech. 
William Orme-Johnson MIT 

James McBreen BNL-DAS 
Lynn Soderholm ANL 

Dale Sayers NCSU 
Ed Stern U. of Washington 

Jamshed Pate1 ATaT 
Bruce Steiner NIST X-Ray Scattering Panel 

X-Ray Biology 

Malcolm Cape1 
Ben Chu 

Philip Coppens 

BNL-Biology 
SUNY - Stony Brook 
SUNY - Buffalo 

Stephen Burley 
Keith Watenpaugh 

Rockefeller U. 
The Upjohn Co. 

Chailes &twitt 
Robert Fleming 

Simon Moss 
Ian Robinson 
Cullie Sparks 

Geophysical Lab 
ATaT 
U. of Houston 
U. of Illinois 
ORNL 

I 

General User Oversight Committee 
The General User Oversight Committe (GUOC) met in November 1994, March 1995, 
and July 1995 to allocate time on beamlines to each General User proposal for the 
FY 1995 cycles. GUOC members are drawn from the scientific community and usually 
serve a two year term. Members during FY 1995 were: 

UV Members X-Ray Members 
C.T. Chen AT&T David Adler ATt3T 

Brian DeVries Exxon Alex Darovsky SUNY-Stony Brook 
Jan Hrbek BNL-Chemistry Kegang Huang ANL 

Eric Jensen Brandeis U. Simon Mochrie MIT 
Boris Sinkovic NYU Benjamin Ocko BNL-Physics 
Paul Stevens Exxon William O’Grady NRL 

Peter Stephens SUNY-Stony Brook 
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L 

Ex.rx.r~mL;UPPORT 

Siddons 

Berman, Carr, Q Dong, 
Dowd, Flaks, Furenlid, 
(Gmur), S. Hulbett, 
Khalid, Me& Milne, 
I’. Montanez, Park, 
Shek-Sr$n,So, 

Kk2E!‘Vescovo 
Williams, !v’ ’ u, Yin 

Visitor: L. Kelly 
Student: Z. Zhang 

B-LINE TECI-INICLINS: 
SUPERVISOR: Lmhanj 
~a+llon~reene, Nmtael, 

USER SHOP: r van Dedaske 

Babzien, Malone, 
PO orelsky, Segalov*, 
X Gang 

STUDENTS: ~tlX’%, 
Fang, Liu, Palmer, 
QiU 

TECH. SUPPORT: 
SIJPER~I~~R: Cahill 
Montemagno, Hattington 

* Temporary 
** Reports to Denis McWhan, 

Assoc. Dir. for Basic Energy Sciences 
( ) PRT personnel or member of non-N32 division 
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CHAIRMAN: Harp* 

DEIU-Y CHAIRMAN: Krinsky 

Awsr,wrToC~~~~~ 
hhUNISTIWTION: 
Terrano 

‘-’ I- General User’s Oversight Committee (GUOC) 
Proposal Study Panels (PSI’) 

/ 

I STOCKROOXI: 
(Lamb). (Reisig) t MECHANICXL ENGINEERING: 

WoodIe I I OPERATIONS: 
Heese I 

SECRETARIAL SUPPORT: 
HEAD: McBrien 
Ambrose, Bennett, 

CONTROL ROOM 
SUPERVISOR Church 

ChXRATORS: 
Jahnes, Rodriquez, 
Weiner, Zeitler 

COORDINATORS: 
LEADMAN: Kemp 
Buckle , Jew, 
Klu karr 
RarEike, Sankna 

H ENGINEERING: R Biscardi, 
Buda, Pierraski, 
Sheehan, 0. Sin h, 
M. Thomas, J. 9 . Wang 

ENGINEERING: Chou, 
Beauman L ncb, 
h4iMw, hhfer, . !d 

I Systems: 
P. Sutherland* c 

COMPUTER SYSTEMS: 
HEAD: Keane (Acting) 
Dabrowski, Feng-Berman 
Flannigan,Langenbach, 
Pearson,Ramamoorthy, 
Smirh, Tang 

DESIGNID~ING GROUP: 

Stoeber, Wiseman 

-I VACUUM GROUP: Foersrer I 

TECH SUPERVISION: 
SR. SUP.: Rasmussen 
P/S: Meier 
RF: DAIsace 
DL~GNOYIUZ Mambo 
~~~HhInterlocks: 

ELE% I?&DRFT: Neuls 

TRAINING: Klein 
t 

BUILDING MANAGER: 
- Kelly 

CARPENTERS: 
(Gildersleeve), (Riddick) 

(Cusrodial Stan) 
_ (Bounauiro), 

(McPherson), 
@$+y~ (fiodu.4, 

MECHANICALZ 
(Bellando), Breck, 
Newburgh, PO 
Radulescu, osenberg, I! 
Samangelo, POWER SUPPLIESZ 

Borrelli, Fulkerson, 
Garrison, McDonald, Seda VACUUM: 

Caruso, de Toll, 
Fruedenberg, Lanni, 
Tardd I RF: Broome, Ram& 

I 

I CLEANING SHOP: 
Cernyar CONTROLS & DIAGNOSTICS: 

DESIGN: 
CHECKER: L. Hulbert 
Bohenek, Rubino I 

I SPECLU PROJECTS: Meier, 
Pietraski, Roman0 I (signed) Michael Hart, Chairman 

April 1,1996 
ELECUUCL~N~: (Didio), 

~$?)&X?mpson), 
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OCTOBER 1995 

This table lists the abbreviations appearing in the Beamline Guides. 

ARUPS = Angle-Resolved Ultraviolet Photoemission Spectroscopy 
CD = Circular Diachroism 
C-T = Czerney-Turner 
ERG = Extended Range Grasshopper 
EXAFS = Extended X-ray Absorption Fine Structure 
IR = lnfared 
LEGS = Laser Electron Gamma Source 
MCD = Magnetic CD 
Ml = Michelson Interferometer 
NEXAFS = Near Edge X-ray Absorption Fine Structure 
NIM = Normal Incidence Monochromator 
PGM = Plane Grating Monochromator 
SEXAFS = Surface EXAFS 
SGM = Spherical Grating Monochromator 
S-N = Seya-Namioka 
SXES = Soft X-ray Emission Spectroscopy 
TGM = Toroidal Grating Monochromator 
TOK = Transverse Optical Krystron 
UPS = Ultraviolet Photemission Spectroscopy 
WB = White Beam 
WDI = Wavefront Dividing Interferometer 
XPS = X-ray Photoemission Spectroscopy 
XAS = X-ray Absorption Spectroscopy 



I I 

Beam Research 
line Program 

Mono. Affiliation Local Contact Spokesperson 

UIA SEXAFS, ARUPS, XPS 

UlB (Conceptual) 

U2A (Unassigned) 

U2B High pressure, 
pump-probe, high Tc 
abs., IR microscopy 

U3A Time-resolved and DC ERG 
radiometry; reflectometry 
for optical constants 

U3B (Conceptual) 

u3c Photoelectron spect.; ERG 
exp. system and detector 
calibrations 

ERG 

TGM 

MI 

Exxon 

Exxon 

SUNY@SB 
BNL-NSLS 
Northrop Grumman 

Los Alamos Natl Lab 
Smiths Astro Obs 
Bechtel Nevada 

Los Alamos Nat1 Lab 
Sandia Nat1 Lab 

U4A ARUPS of solids,surfaces; TGM AT&T 
hi res. core level photo- BNL - NSlS 
emission; total yield Boston U 
absorption 

U4B Soft x-ray photoemission SCM AT%T 
spectroscopy; NEXAFS; Naval Res Lab 
SXMCD 

B DeVries 
516-344-4828 
516-344-5206 

B DeVries 
516-344-4828 
516-344-5206 

G Williams 
516-344-7529 

W Towell 
516-344-7245 

W Towell 
516-344-7245 

M Shek 
516-344-5930 

G Me@ 
516-344-7290 
908-582-3863 
Y ldzerda 
202-767-3603 

J Chen 
908-730-2738 

P Stevens 
516-344-4828 
908-730-2584 

G Carr 
516-344-5502 
516-346-9073 

R Blake 
516-344-5521 
505-983-9683 

R Bartlett 
516-344-5708 
505-667-5923 

J Rowe 
908-582-5878 
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Beam Research 
line Proeram 

Mono. Affiliation Local Contact Spokesperson 

U4lR 

u5 

u5u 

U6 

Vibr. spectr of molecules MI,WDI 
on surfaces; abs of hi Tc 
superconductors; hi res 
gas abs.; fast detectors 

Diagnostics 

Spin polarized angle- 
resolved ultraviolet 
photoemission 

TGM 

Lithography WB 

BNL-NSLS D Van Campen 
AT%T 516-344-2738 
Fairleigh Dickinson 516-344-7419 
Exxon 
Northrop-Grumman ATDC 

G Williams 
516-344-7529 

BNL-NSlS R Nawrocky R Nawrocky 
516-344-4449 516-344-4449 

BNL-NSlS S Hulbert 
516-344-7570 
E Vescovo 
516-344-7399 

IBM J Silverman 
914-945-2099 

U7A Photoemission; 
SEXAFS; Fluorescence 
yield spectroscopy 

TGM BNL-NSlS 
BNL-Physics 
BNL-Chemistry 
Dow Chemical 
NIST 
U of Michigan 

U7B Photoemission; 
SEXAFS 

PGM BNL-Physics 
SUNY@SB 

U8A ARUPS 
NEXAFS 

TGM IBM 

U8B ARUPS 
NEXAFS 

TGM IBM 

U8C Zone plate monochr 
evaluation; reflectivity 
measurements of thin 
films and multilayers 

ZONE PL. IBM 

U8D (Conceptual) 
Scanning soft x-ray 
microscopy 

U9A (Planned) 
Lithography 

IBM 

4 Dong 
516-344-5505 
516-344-5507 
S Hulbert 
516-344-7570 

F Loeb 
516-344-2092 

R McFeely 
914-945-2068 

R McFeely 
914-945-2068 

R McFeely 
914-945-2068 

E Vescovo 
516-344-7399 

J Silverman 
914-945-2099 

D Fischer 
516-344-5177 

M Strongin 
516-344-3763 

R McFeely 
914-945-2068 

R McFeely 
914-945-2068 

R McFeely 
914-945-2068 

R McFeely 
914-945-2068 

R McFeely 
914-945-2068 

F Loeb 
516-344-2092 

M Strongin 
516-344-3763 



Beam Research 
line Program 

Mono. Affiliation local Contact Spokesperson 

U9B CD; MCD; time-resolved C-T 
fluorescence (lifetimes) 

BNL-NSlS 
BNL-Biology 

J Sutherland 
516-344-3406 
516-344-3279 

J Sutherland 
516-344-3406 
516-344-3279 

Ul OA (Unassigned) 

UIOB PSD - WB BNL-NSlS 
general vacuum 
R&D 

C Lanni 
516-344-4100 

C Foerster 
516-344-4754 

Ull 

u12 

Ul 2A 

U12B 

U13UA 

U13UB 

Gas phase photo- 
ionization and 
Spectroscopy 

High resolution core 
level Spectroscopy 
ARUPS 

High resolution core 
level spectroscopy 
(construction) 

Angle-resolved 
photoemission 

High res. VUV/soft 
XAS and electron 
spectroscopy 
(incl. spin-p01 
photoem.) 

Optical metrology for 
extreme ultraviolet 
projection lithography 

NIM 

TGM 

TGM 

TGM 

SCM 

WB 

BNL-NSlS 
BNL-Biology 
Brandeis U 
BNL-DAS 

U of Pennsylvania 
Oak Ridge Natl Lab 

Oak Ridge Natl Lab 
U of Tennessee 

Oak Ridge Natl Lab 
U of Tennessee 

BNL-NSLS 
Drexel U 
U of Wisconsin 
Brandeis U 
Rutgers U 
NYU 

Sandia Natl Lab 
BNL-lnstrum 
Naval Res Lab 

S Kuo 
516-344-7003 

B Klemm 
516-344-4001 
516-344-4022 

P Lyman 
516-344-5615 
516-344-7395 

P Lyman 
516-344-5615 
516-344-7395 

P Lyman 
516-344-5615 
516-344-7395 

S Hulbert 
516-344-7570 
x. wu 
516-344-5778 

A MacDowell 
516-344-5334 

E Plummer 
615-974-2288 
D Zehner 
516-344-5512 
615-574-6291 

E Plummer 
615-974-2288 
D Zehner 
516-344-5512 
615-574-6291 

D Zehner 
516-344-5512 
615-574-6291 
E Plummer 
615-974-2288 

S Hulbert 
516-344-7570 

A.MacDowell 
516-344-5334 



Beam Research 
line Program 

Mono. Affiliation Local Contact Spokesperson 

U14A Solid state PGM BNL-NSLS 
photoemissions studies 

U14B Detector Research and WB BNL-NSiS 
Development 

u15 Sot? x-ray spectroscopy TGM BNL-NSIS 
(solids and gases) SUNY@SB 

SUNY@Buff 

U16A (Unassigned) 

U16B ARUPS; XPS; SEXAFS; ERG Cornell U 
stimulated desorption; Sandia Natl Lab 
NEXAFS 

M Shek 
516-344-5930 
S Hulbert 
516-344-7570 

M Shek 
516-344-5930 

J Hastings 
516-344-3930 

J Hastings 
516-344-3930 

D Hanson 
516-632-7917 

D Hanson 
516-632-7917 

R Merrill 
607-255-9857 



Beam Research 
line Program 

Energy Affiliation Local Contact Spokesperson 
&eV) 

Soft x-ray imaging 1 O-80 A XIA 

XIB 

BNL-NStS 
SUNY@SB 
LBNL 
No Carolina St U 
AN1 

BNL-NStS 
BNL-Physics 
FA - Juelich 
Fritz-Haber-lnst 

Exxon 

S Wirick JKirZ 
516-344-4723 516-344-4723 
516-632-8095 516-632-8106 

Soft x-ray spectroscopy 1 O-50 A P Johnson 
516-344-3705 

P Johnson 
516-344-3705 

X2A Surface scattering M Sansone 
201-730-3388 
516-344-5759 

K Liang 
908-730-3032 

X2B X-ray microtomography 6.5-30, WB 

X3Al Short wavelength 14,19,31 
crystallography, 
diffraction and scattering 

X3A2 Dlffractometry; x-ray 3-31 
spectroscopy; scattering; 
crystallography; small 
angle scattering 

K Mohanty 
516-344-4402 

D Noh 
908-730-2598 

X-ray spectroscopy; 
powder diffraction 

4.6-40 

SUNY@SB 
SUNY@Buff 

A Darovsky 
516-344-3770 

P Coppens 
716-645-6800 
ext. 2217 

SUNY@SB i 
SUNY@Buff 

A Darovsky 
516-344-3770 

P Coppens 
716-645-6800 
ext. 2217 

X3Bl SUNY@SB 
SUNY@Buff 

P Stephens 
516-344-5634 
516-632-8156 

P Coppens 
716-645-6800 
ext. 2217 

X3B2 

X4A 

Surface science 4-20 SUNY@SB 
SUNY@Buff 

P Stephens 
516-344-5634 
516-632-8156 

P Coppens 
716-645-6800 
ext. 2217 

Multiwavelength 4-30 
anomalous diffraction 
analysis of crystalline 
biological macromolecules 

Howard Hughes Med In C Ogata 
516-344-7435 

W Hendrickson 
516-344-4938 
212-305-3456 
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Beam Research 
line Program 

Energy Affiliation Local Contact Spokesperson 
kW 

X4B 

x4c 

X5A 

X5B 

X6A 

X6B 

(Conceptual) 

Diffraction measurements 7-20 
from biological 
macromolecules 

Howard Hughes Med In C Ogata 
516-344-7435 

Laser Electron Gamma 
Source (LEGS); medium 
energy nuclear physics 

Diagnostic 

80-400 MeV BNL-Physics C Thorn 
516-344-7798 

Time and space resolved 4-20 AN1 P Lee 
dispersive x-ray 516-344-5934 
spectroscopy 516-344-3955 

X-ray scattering 2.4-21 .O AN1 
Temple U 
Northwestern U 
BP 

P Lee 
516-344-5934 
516-344-3955 

X7A Structural char. through 
powder diffraction 

5-45, WB 

X78 Crystallography; 
wide angle scattering 

5-21 

X8A Photoionization cross- 
sections; photoelectron 
spectr; mirror reflect.; 
detector calib.; spectr. 

0.26-5.9 

X8C Diffraction from 5-20 
biological macromolecules 
and detector calibrations 

X9A XAS 3.4-l 8.6 
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BNL-NSlS 
BNL-Physics 
Carnegie lnst of Was 
E I DuPont 
Mobil 
UOP 
Air Products Corp 
SUNY@SB/Alfred 
U of Cal @ Santa Barbara 
U of Pennsylvania 

BNL-Chemistry 
Swedish Nat Res Coun 
U of Pittsburgh 
U of Helsinki 

Los Alamos Natl Lab 
Smiths Astro Obs 
EG%G Energy Meas 
Bechtel Nevada 

Los Alamos Natl Lab 
Sandia Natl Lab 
LLNL 
AN1 

Albert Einstein 
College of Medicine 

W Hendrickson 
516-344-4938 
212-305-3456 

A Sandorfi 
516-344-7951 

D Cox 
516-344-3818 
Q Zhu 
516-344-3818 
516-344-5065 

J Hanson 
516-344-4381 
5-I 6-344-4378 

M Sagurton 
516-344-5708 

R Alkire 
516-344-5025 

M Sullivan 
516-344-3800 

P Montano 
708-252-6239 

P Montano 
708-252-6239 

D Cox 
516-344-3818 

T Koetzle 
516-344-4384 

R Blake 
516-344-5521 
505-983-9683 

G ldzorek 
516-344-7245 
505-667-8848 

M Chance 
516-344-3800 
718-430-2894 



Beam Research Energy Affiliation Local Contact Spokesperson 
line Program (kev) 

X9B Time resolved 
x-ray spectroscopy; 
scattering; diffraction; 
XAS 

3.2-l 8.8 Albert Einstein 
College of Med 

M Sullivan 
516-344-3800 

M Chance 
516-344-3800 
718-430-2894 

Xl OA Diffraction; small 6-l 5.2 Exxon 
angle scattering; 
crystallography; 
scattering 

Xl OB Scattering; 
crystallography 

8,12 Exxon 

Xl oc EXAFS 3.5-24.7 Exxon 

Xl IA EXAFS 

XIIB EXAFS 

Xl 2A Instrument development 

4.5-35 No Carolina St U 
U of Connecticut 
BNL-NSLS 
Naval Res Lab 
Mobil 
E I DuPont 
Hoechst Celanese 
Naval Surf Warf Center 
Notre Dame U 
U of Washington 
Ill lnst of Tech 
Georgia lnst of Tech 
Rice U 
AN1 

1.7-8 No Carolina St U 
U of Connecticut 
BNL-NSlS 
Mobil 
E I DuPont 
Naval Res Lab 
Hoechst Celanese 
Naval Surf Warf Center 
Notre Dame U 
U of Washington 
Ill lnst of Tech 
Georgia lnst of Tech 
Rice U 
AN1 

BNL-NSlS 

Xl 2B Time-resolved and static 6-15 BNL-NSLS 
x-ray diffr. of macromol. BNL-Biology 
systems in both wide and 
small angle regimes 

E Sirota 
908-730-3407 

D Noh 
908-730-2598 

M Sansone 
516-344-5759 
201-730-3388 

G Lamble 
516-344-7734 

K Mohanty 
516-344-4402 

B Zhang 
516-344-3553 

P Stevens 
516-344-4828 
908-730-2584 

G Lamble 
516-344-7734 

G Lamble 
516-344-7734 

G Lamble 
516-344-7734 

DP Siddons 
516-344-2738 
516-344-5627 

DP Siddons 
516-344-2738 
516-344-5627 

M Cape1 
516-344-5712 

M Cape1 
516-344-5712 
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Beam Research 
line Program 

Energy Affiliation Local Contact Spokesperson 
(kev) 

Xl 2c Protein crystallography 

x13 R%D optics development; 
soft x-ray utilization 

Xl 4A Scattering; 
crystallography; 
spectroscopy 

Xl 4B (Conceptual) WHITE 
X-ray microprobe; x-ray 
micro-focussing; 
micro-diffraction 

Xl 5A X-ray standing waves 

7.8-l 3.6 BNL-Biology R Sweet 
516-344-3401 

E Johnson 
516-344-4603 

R Sweet 
516-344-3401 

E Johnson 
516-344-4603 

3.5-40 

BNL-NSLS 

Oak Ridge Natl Lab 
U of Illinois 

T Gog 
516-344-5614 
516-344-2583 

T Cog 
516-344-5614 
516-344-2583 

3-20, WB 

Oak Ridge Natl Lab T Cog 
516-344-5614 
516-344-2583 

T Cog 
516-344-2583 
516-344-5614 

AN1 
Northwestern U 
Harvard U 

P Lyman 
516-344-5615 
516-344-7395 

M Bedzyk 
516-344-7395 
708-252-7763 

Xl 5B SEXAFS 
EXAFS 
NEXAFS 

1.5-l 5 AT%T L Niu 
908-582-5275 
A MacDowell 
516-344-5334 

P Citrin 
908-582-5275 

Xl 6A Surface diffraction 4-l 2 ATBT 
U of Illinois 

K Evans-Lutterodt 
516-344-2125 
908-582-2154 

K Evans-Lutterodt 
516-344-2125 
908-582-2154 

Xl 68 Diffraction 7.85 AT%T A MacDowell 
516-344-5334 

E lsaacs 
908-582-7261 

Xl 6C Novel spectroscopy; 
diffraction 

3-l 6 AT%T 
U of Illinois 

D Adler 
516-344-2686 

W Brown 
908-582-3941 

Xl 7A (Conceptual) 

Xl 7Bl Chemical crystallography; 1 O-l 00, WB BNL-NSLS 
hi P physics; tomography; 
x-ray scattering; x-ray 
fluorescence microprobe 

DP Siddons 
516-344-2738 
516-344-5627 

J Hastings 
516-344-3930 



Beam Research Energy Affiliation Local Contact Spokesperson 
line Program (kev) 

Xl 7B2 Medical research: 
Angiography; 
computed tomography; 
radiotherapy 

33.02,33.3 BNL-NSLS 
Stanford U 
Illinois lnst Tech 
No Shore U Hosp 
LBNL 
BNL-Medical 
SUNY@SB 

N Gmiir 
516-344-2490 

W Thomlinson 
516-344-3937 

Xl 7C Hi P research; energy 1 O-1 00, WB Naval Res Lab J Hu 
dispersive diffraction Carnegie lnst of Was 516-344-5343 
from microscopic sample U of Hawaii 202-686-2410 
volumes U of Chicago 

LLNL 

H Mao 
202-686-2410 
ext. 2467 

Xl 8A Diffuse and surface 4-20 Purdue U 
scattering Northwestern U 

U of Illinois 
U of Missouri 

S Ehrlich 
516-344-7862 

G Lied1 
317-494-4100 

Xl 8B 

Xl 9A 

Xl 9c 

X2OA 

XZOB 

xzoc 

EXAFS; optics char.; 4-26 
reflectivity measurements 

BNL-NSLS 
AlliedSignal 
UOP 
Chevron 

DP Siddons 
516-344-2738 
516-344-5627 

DP Siddons 
516-344-2738 
516-344-5627 

X-ray Absorption Spect.; 
EXAFS and XANES 

Topography; liquid 
surface scattering 

Scattering (hi Q-res) 

Scattering at fixed 
energy 

Scattering 
(hi and low Q res) 

2.1-25.6 

4-25, WB 

5.6-l 2 

17.36 

4-11 

BNL-NSLS 
UCA@Davis 
U of Kentucky 
U of Michigan 
BNL-DAS 

F Lu 
516-344-2338 
L Furenlid 
516-344-5699 

L Furenlid 
516-344-5699 

BNL-NSlS 
SUNY@SB 
Johns Hopkins U 
Army Research Lab 
U of Illinois 
U of Chicago 

M Dudley 
516-632-8500 

MIT 

M Dudley 
516-632-8500 

S Mochrie 
617-253-6588 

IBM 
MIT 

IBM 

J Jordan-Sweet 
516-344-5192 
914-945-3322 

S Mochrie 
617-253-6588 

J Jordan-Sweet 
516-344-5192 
914-945-3322 

J Jordan-Sweet 
516-344-5192 
914-945-3322 



Beam Research Energy Affiliation Local Contact Spokesperson 
line Program WV) 

x21 

X22A 

X22B 

High energy resolution 
inelastic scattering 

In-plane diffr. 8 refl. 
studies of surfaces under 
electro-them. cond., and 
thin films and multilayer 

High resolution x-ray 
diffraction 

>4 BNL-NSlS 
AT%T 
BNL-Physics 
SUNY @ Stony Brook 
ESRF 
AN1 

10 Nom. BNL-Physics 
BNL-DAS 

5-l 0 BNL-Physics 
Harvard U 
AN1 

x22c Diffraction studies of 3-l 2 BNL-Physics D Gibbs 
magnetic and structural AN1 516-344-4608 
phase transformations; G Watson 
surface scattering 516-344-2211 

X23A2 EXAFS 5.4-30 NIST 

X23A3 Topography; small- 
angle scattering 

5-30, WB NISI- 

X23B EXAFS; scattering; 3-11 Naval Res Lab J Kirkland T Elam 
crystallography 516-344-2258 202-767-3014 

X24A Atomic, molecular, and 1.8-5.0 NIST 
optical physics with AN1 
x-rays 

X24C Photoemission and 2-l 500 eV Naval Res Lab J Rife M Kabler 
reflectance spectroscopy 202-767-4654 202-767-2223 
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From the Editor 

This year’s Activity Report abstracts were entered by the authors via the Electronic Submission System 
(ESS). The ESS takes information entered through the Forms function on the World Wide Web and stores it 
in a database optimized for document handling. Composition routines then perform the integration of text 
and figures and output our choice of PostScript file (for the author to view and also to go to the printer), 
SGML file (Standardized Generalized Markup Language) for electronic publishing, and HTML (Hyper Text 
Markup Language) for dissemination on the World Wide Web. Furthermore, the ESS allows full storage 
and retrieval of the abstracts, sorted by beamline and author, and we expect that for next year it will be 
available electronically two to three months before the printed product is released. 

Over 480 abstracts were received for this 1995 edition, which is about 10% more than last year when we 
also accepted paper submissions. We thank everyone who used the ESS, especially for the helpful feedback 
and suggestions. To access the completed abstracts as well as the ESS on the World Wide Web, select 
Open URL from the Mosaic File Menu, and enter http: //www .nsls. bnl .gov to get to the NSLS Home 
Page. Choose Electronic Submissions; all instructions are provided in both viewable and downloadable 
format. 
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Orientation of Ion Exchange Reacted Methylene Blue Molecules on 
Mica Investigated with NEXAFS UlA 

G. Hiihner, A. Marti, and N. D. Spencer (Swiss Federal Institute of Technology, 
Zurich) 

Layered silicates are of ever-increasing interest in colloid science, and their specific 
surface area is often a critical parameter. We have investigated the orientation and 
electronic structure of Methylene Blue (CrsNsSHls) (MB) on mica, since it is often 
used to determine the specific surface areas of these high-surface-area materials. The 
molecule is generally considered to be a rectangular parallelepiped and to adsorb in 
a flat orientation. We have investigated the orientation and electronic structure of 
this system for several samples that were prepared by immersing the substrates for 
an extended period in aqueous solutions of MB of various concentration. The MB 
cations replace the K cations of the mica substrate by ion exchange. 

Fig.1 shows NEXAFS spectra recorded for different angles of incidence, 0, at the 
Cls and Nls edges, recorded for a sample that was immersed for 14h in a 1mM MB 
solution. Both absorption edges exhibit a pronounced transition into unoccupied 
?r* orbitals that show a strong angular variation in intensity. 

The difference between normal (0=90’) and grazing incidence (0=20’) is re- 
markable. From the observed angular variation, a tilt of the molecular plane relative 
to the surface normal of approximately 30’ can be extracted. For lower concentra- 
tions of the solution we have found even smaller tilt angles. This result is in marked 
contrast to the flat orientation that is usually assumed and suggests that the spe- 
cific surface areas determined with MB may, in general, be overestimated. In future 
experiments we will study further dye molecules that are also used to determine 
specific surface areas, in order to compare the results with those obtained for MB. 

MB on Mica, ImM CIS MB on Mica. 14h. ImM NlS 

- 325 3 
Photon Energy [eVJ 

Figure 1. NEXAFS spectra of MB on mica recorded at the Cls and Nls edges. Both 

#- 
edges exhibit transitions into unoccupied ?T* orbitals that show a strong angular 

A 
variation in intensity. 

Microspectroscopy characterization of III-V epi-layers for optoelec- U2B 
tronics 

G.L. Carr (Northrop Grumman ATDC) 

Optoelectronic devices, such as vertical cavity surface emitting laser (VCSEL) 
diodes., are patterned from complex layers of III-V semiconductor compounds grown 
epitaxmlly on GaAs or other substrates. One VCSEL structure consists of two 
“mirrors” formed from GaAs/AlGaAs multilayer mirror stacks! above and below 
a quantum well structure that serves as the active medium. Fig. 1 indicates the 
overall device structure. Though intended for current bias operation, the device 
material can be tested by optical pumping with a focused laser. This can lead to 
microscopic damage near the focus spot, which can be investigated by IFl micro- 
transmission. The spectra for two sites are shown in Fig. 2. The transmission for an 
undamaged site shows a complex oscillatory behavior, consistent with interference 
due to multiple internal reflections between the top surface and various interfaces 
between layers. The oscillation period Av is related to the layer depth through 
d = l/(2 A ) h n u w ere n is the refractive index. Fourier analysis, combined with n 
M 3.5, allows the depth of the interfaces to be quantitatively determined. This is 
shown in Fig. 3. Note that the laser damaged area shows little evidence for of 
layering, indicating that major structural damage has occured. Since the sample 
can be scanned through the IR microspectrometer’s focus, maps of layer depths and 
thicknesses can be extracted. 

Figure 1. Epi-layer structure of a verti- 
cal cavity surface emitting laser. 

Frequency [cm-‘] 

Figure 2. Infrared microtransmission 
Layer Depth Cm] 

through damaged and undamaged VC- 
SEL epi-layers. 

Figure 3. Fourier analysis of interference 
pattern, indicating interface depths. 



IR microspectroscopy study of Te precipitates in CdZnTe* 

G.L. Carr and D.J. Larson, Jr. (Northrop Grumman ATDC) 

U2B 

is a ternary II-VI semiconductor compound, used for both elec- 
applications, The conditions for growing high quality CZT crys- 

tals often lead to the formation of tellurium precipitates a few mifions in size. 
Infrared measurements of the precipitates (and the neighboring material) are useful 
for characterizing both the optical and electrical properties of the material. 

We have performed a number of infrared microspectroscopy measurements on 
CdZnTe crystal wafers approximately 1 mm thick. One particular wafer had numer- 
ous internal Te precipitates. The precipitate size is typically 10 pm or less, which is 
beyond the capability of conventional-source IR microspectroscopy. However, using 
the IR microspectrometer at beamline U2B, we have achieved high quality spectra 
of individual, isolated precipitates. The transmission spectra of one such precipitate 
is shown in Fig. 1. At short wavelengths (less than 3 pm), the precipitate is opaque, 
while at longer wavelengths the transmission averages about 30%. This behavior 
is consistent with bulk tellurium, which is a semiconductor having an absorption 
onset at 2580 cm-r 3.9 pm wavelength). The strong oscillations in transmission 
are attributed to internal reflections within the precipitate, which behaves 
much like a confocal resonator for the focused IR from the microspectrometer. 

The difference in transmission for Te at short and long wavelengths can be used 
to identify and locate the precipitates. Fig. 2 shows an IR absorbance map of a 
region of CZT containing two precipitates, which are apparent in the X = 2.5 pm 
absorbance map. At X = 6 pm, the patches have nearly disappeared, consistent 
with tellurium. 

*Portions of this work supported by NASA through contract NAS8-3814’7 and 
also by IR&D funds as part of a CRADA with Brookhaven National Laboratory. 

Figure 1. Infrared transmission of a sin- Figure 2. Infrared absorbance maps for 
gle tellurium precipitate buried within a CdZnTe wafer region containing two 
a CdZnTe wafer. The dashed line in- Te precipitates. The two wavelengths 
dicates the onset of absorption in bulk shown span the absorption onset of Te, 
Te. providing chemical contrast. 

Infrared Microspectroscopy of Oil Inclusions in Quartz and Fluorite U2B 
Matrices 

N. Guilhaumou (ENS Geologie URA 1316 CNRS, Paris, France), P. Dumas (LURE, 
Orsay, France), and G.P. Williams (BNL-NSLS) 

We have performed infrared microspectroscopy measurements using a 3x3 micron 
aperture on the Spectra-Tech IRus microspectrometer at U2B. We have mapped 
small fluid inclusions in fluorite from Tunisia and in quartz from a North-Sea core- 
drill. An example of a fluid inclusion from a sample from Tunisia is shown at 
left. This inclusion contains oil and COz. However, depending on the pressure 
and temperature conditions during the entrapment process, the proportion of CO? 
either dissolved in the oil, and/or in the gaseous phase in equilibrium with the ol 
can be drastically different. In Fig. 2 (top) we show a CO2 map derived from the 
intensities of the 2335 cm-’ absorption band, corresponding to the C-O stretch 
mode. In Fig, 2 (bottom) we show a map of the intensities of the 2850 cm-’ band 
corresponding to C-H stretch vibrations. 

We clearly see that the COz in this inclusion is in the gas phase, well separated 
from the oil, The absorption magnitudes of the two components, the COz and oil, 
indicate the relative thickness of the fluid inclusion. This opens up the possibility 
of performing a quantitative analysis on these very small inclusions. 

Figure 1. Figure 2. 



1 IR TRANSMISSION STUDIES ON K&o SINGLE CRYSTALS * 1 U2B 1 

L. Mihaly (SUNY 0 Stony Brook), S. Pekker (RISSP, Budapest), L. Forro (EPFL, 
Lausanne), and G.L. Carr (Northrop Grumman ATDC) 

The firllerene molecules in the alkali fulleride KC&e form polymeric chains[l]. 
Earlier ESR and IR studies indicated that the polymer is metallic, and, in contrast 
to other alkali fullerides, this material is stable in air[%]. Up to now, nearly all of the 
investigations on this compound were performed on polycrystalline samples, since 
the individual crystallites were too small for most of the measurement techniques. 
The IR microscope at U2B provided a unique opportunity to explore the properties 
of a single crystal of this compound. The goal of the present investigation was 
twofold: To establish that the bulk of the single crystal is indeed made of KCse 
and to explore if there is any evidence for optical anisotropy, as expected from the 
crystal structure. The samples for this study were produced by co-evaporation of 
potassium and Csc and subsequently treated in toluene. The sample preparation is 
discussed in detail in Ref. [3]. The typical dimensions of a single crystal (“fiber”) 
were 0.5mm x 10pm x 0.05pm. 

The optical samples were made by placing a drop of toluene with dispersed fibers 
onto a KBr disk. The IR beam was focused to a 6pm by 6pm spot onto one 
of the fibers. Fig. 1 shows the optical spectrum. The characteristic vibrational 
modes of KCsc are clearly visible, confirming the composition of the sample. The 
measurement has been repeated on several crystals and the results were similar. 

A wire grid polarizer was used to study the polarization dependence of the spec- 
tra. Unexpectedly, neither the vibrational peaks, nor the broad band optical ab- 
sorption were found to depend on the direction of the polarization. Subsequent 
electron microscopy studies revealed that the fibers are in fact twinned single crys- 
tals [4]. The twinning occurs on a length scale of about lpm, and averaging over 
several domains explains the absence of the anisotropy in the present IR study. 

P. W. Stephens et al., Nature, 370, 636 (1994). 
D. Keller et al., J. Appl. Phys. 66, 1015 (1995). 
S. Pekker et al., Science, 265, 1077 (1994). 
M. Carrard et al., submitted to Synthetic Metals. 

Figure 1. IR transmission spectrum measured on a single fiber of KC&e. The beam 
is perpendicular to the fiber and the transmission does not depend on the direction 
of polarization. 

k 
iI3 

* rr-his work has been supported by NSF grants INT-9414840 and DMR9501325 and 
US-Hungarian Joint fund No. 225 and OTKA T4222. 

1 Localization of Infrared Sampling in Human Hair. 1U2B1 

David L. Wetzel (Kansas State Univ.) 

Localization of drugs in human hair has been one of the difficult goals of forensic 
science. One approach involves the use of IR spectroscopy to detect the vibrational 
modes that can uniquely identify a given organic compound. Infrared microspec- 
troscopy studies of longitudinally microtomed, single hairs embedded in paraffin 
have been conducted by K. Kalisinski (Armed Forces Pathology Research Labora- 
tory). For these specimens, 20 X 100 ,um sampling apertures were used to obtain 
sufficient signal through a typically 6 pm thick section. This aperture was stepped 
in 5 pm increments across the specimen producing a profile of the drug deposition 
or protein concentration across the hair. A higher spatial resolution is desirable, 
since human head hair grows approximately 1 cm per month, or about 13 pm an 
hour. If a dose of cocaine is metabolized in approximately 15 minutes, then the 
deposition of the dose would be localized to a 3 pm segment of hair. 

Using IR synchrotron radiation in combination with the FT-IR microspectrome- 
ter at U2B, we can improve the spatial sensitivity considerably. Sampling apertures 
of 5 pm or less, corresponding to a hair growth time of 22 minutes, are feasible. 
In addition to temporal sensitivity! the spatial resolution of the U2B microscope 
also enhances the chemical sensitivity, since the 3 pm segment of hair represents a 
larger fraction of the microspectrometer’s sensing region, when compared to a more 
conventional 20 X 100 pm aperture. There remain sample preparation issues, such 
as microtoming appropriately thin and flat specimens compatible with the small IR 
sampling area. 



v 
s Alkali Adsorption on KmM003 1 U4A 

Klaus Breuer, Cristian Stagarescu, Kevin E. Smith (Boston University), Martha 
Greenblatt, William McCarroll (Rutgers University) 

The blue bronze Ke.sMoOs is a layered solid that exhibits all the characteristic 
properties of a quasi-one dimensional (1D) conductor including the occurrence 
of a Peierls transition to a charge density wave (CDW state at 180 K. Recently, 
photoemission experiments from this oxide have receive 1 a lot of attention, as it has 
been claimed that the observation of a low emission intensity at the Fermi level (EF 
and the absence of a Fermi edge in angle integrated photoemission are indication of 
a Luttinger ground state of the 1D electron system.‘. However, it is controversial, 
whether the surface electronic structure, as it is measured by photoemission, is 
representative of the bulk.’ 

In a recent study we have investigated how the electronic surface structure is 
affected by modifications of the alkali concentration on the surface. Variations 
in the alkali content are believed to be responsible for the observed variations in 
the emission from the MO 4d states and in the work function that we observed 
for different cleaves (cleavage occurs along planes of alkali atoms . In order to 
systematically study this dependence we evaporated Cs onto K0.s L 00s surfaces 
and used angle resolved photoemission (ARP) to measure the modifications of the 
electronic surface structure. 

As can be seen in Fig. 1, the adsorption of sub-monolayer quantities of Cs leads 
to strong variations in the MO 4d emission, and in particular to a shift away from EF 
This is caused by charge transfer from the highly electropositive Cs to the substrate 
and a filling of MO 4d states. The variations in the MO 4d photoemission line shape 
upon band filling can be explained by conventional quasiparticle theories and do 
not indicate a Luttinger ground state. 

[l] B. Dardel, D. Malterre, M. Grioni, P Weibel, Y. Baer and F. Levy , Phys. 
Rev. Lett. 6’7, 3144 (1992). 

[2] K. Breuer, K. E. Smith, M. Greeenblatt and W. McCarroll, J. Vat. Sci 
Technol. Al2, 2196 (1994). 

Figure 1. Normal Emission ARP spectra from a cleaved Ke.aMoOs surface (a) and 
with sub-monolayer overlayers (b,c). 

Electronic Structure of the Quasi-Two Dimensional Conductor U4A 

Nao.gMosOl7 
Klaus Breuer, Cristian Stagarescu, Kevin E. Smith (Boston University) , Martha 

Greenblatt and Kandalam Ramanujachary (Rutgers University) 

The purple bronze Nae.zMosOrr is a quasi-two dimensional (2D) conductor that 
undergoes a metal-metal transition to a charge density wave state at 80 K.’ CDW 
instabilities are most commonly observed in quasi-one dimensional (1D) systems 
and are caused by the strong nesting of 1D Fermi surfaces. In order to explain 
the observed instabilities in 2D systems, Whangbo et al. introduced the concept of 
hidden Fermi surface nesting.’ According to this model, the 2D Fermi surface can 
be viewed as a combination of 1D Fermi surfaces, with distinct quasi-ID nesting 
vectors. 

In order to verify this concept we used angle resolved photoemission ARP) to 
measure the Fermi surface of this oxide. Fig. B 1 shows a series of AR spectra 
from cleaved Nan aMonOl7. Within 1 eV of the Fermi level three clearlv dispersing -.- 
bands are observed. Fermi level crossings of two different bands are observed and 
lead to electron and hole pocket structures in the Fermi surface. The features of the 
measured Fermi surface are in agreement with the calculations of Whangbo, and 
thus support the concept of hidden Feremi surface nesting. 

1. MIhreenblatt, &em. - Rev. 88, 31 
2. M.-H. Whangbo, E. Canadell, P. ls 

1988). 
oury and J.-P. Pouget, Science 252, 96 

(1991). 
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Figure 1. Series of ARP spectra from cleaved Nae.sMosOrr 



[ Photoemission of Oxides around the Metal-Insulator Transition (U4A( 

E. Goering, M. Klemm, S. Horn (U. Augsburg, Germany), and M. L. denBoer 
(Hunter CUNY) 

During our measurement time in 1995 June we obtained photoemission spectra 
of single crystalline VzO3, VOz, and MoOz in the photon energy range 25 to 100 
eV. Measurements were taken above and below the temperature TMI at which a 
metal-insulator (MI) transition occurs in V303 and VOz. From fits of the Fermi 
energy cut off we estimate the energy resolution of the measurements to be 150 
meV, determined largely by the analyser. Since the crystals have less than cubic 
symmetry below the MI transition, spectra were taken for various orientations of 
the polarisation vector relative to the crystal axes. 

Fig. 1 shows spectra taken for VO3 at different incident energies above and below 
the transition. The various resolved features show dispersion which is particularly 
strong far from the Fermi energy En but only weak for the features close to En. 
These features exhibit a prominent resonance, having maximum intensity at M 60 
eV, which is typical for V 3d states. (This effect is not evident in Figs. 1 and 2, in 
which spectra are normalized to their respective intensity maxima in order to show 
the dispersion.) 

At sll incident energies, a Fermi cut off is observed. The width of the peaks fitted 
to the spectrum is larger than the energy resolution, implying that the intrinsic 
combined electron-hole lifetime is short. We now consider the differences between 
spectra of warm” (conducting) and Eold” (insulating) samples. When the sample 
is cooled below TMI, the main effect seen in Fig. 1 is that the intensity at En 
vanishes, suggesting the opening of a gap at the MI transition, which has been 
previously observed. Correspondingly, there is a slight increase in intensity just 
below En. On the other hand, at a different orientation of the sample, as shown 
in Fig. 2, the spectral changes at the MI transition are much more dramatic. We 
again see the opening of a gap, as expected. However, there is also a considerable 
increase in the intensity of the features just below Ep, especially in the vicinity of 
the resonance at c 60 eV photon energy. Using this information, we can in principle 
determine the orientation, and hence the angular momentum character, of precisely 
those electronic states which are most involved in the metal-insulator transition. 

Similar measurements have been performed for VzO3 and MoO3. For these ma- 
terials as well we observe only weak dispersion for features close to En. For v203 
the opening of a gap below TMI is suggested. 

The orientation dependence of the MoOz spectra is especially interesting in com- 
parison with that of the isostructural compound VOz. 

Figure 1. VOz 

1 Electronic structure along the A direction in CuAu * 1U4A1 

L.R. Ma&ah, R.G. Jordan and S.L. Qiu (Florida Atlantic University) 

We have begun making a detailed study of the electronic structure in CuAu using 
a combination of experimental photoemission measurements and first principles 
calculations. Alongside we show some photoemission measurements obtained for 
the (111) surface at normal emission; the states that are being probed lie along the 
A direction in the Brillouin zone. In addition to a number of “bulk” features we 
can also identify at least two surface states; there is a Shockley-type state at about 
0.5eV binding energy and a state at about 7.5eV that lies in the s-d gap very close 
to the band edge at the F-point. 

We are currently carrying out electronic structure calculations for the (111) sur- 
face using a slab geometry. We will use the layer potential functions that are 
generated in first-principles photocurrent calculations for direct comparison with 
our photoemission measurements. (This work is being carried out in collaboration 
with Dr. B. Ginatempo, University of Messina.) Acknowledgments: We thank 
Dr. M.L. Shek for her help, guidance and patience. 

Figure 1. Photoemission spectra from CuAu(ll1) at normal emission. The photon 
energy is stepped in increments of 5eV from 25eV (bottom) to 70eV (top). The 
incidence angle is 60°. 

* This work was supported by a grant from NSF: DMR9120120 
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G Electronic Structure of the Organic Conductor 

e(BEDT-TTF)2Cu[N(CN)z]Br U4A 

C. Stagarescu, K. Breuer, K. E. Smith, Department of Physics,Bos.bn University, 
R. Haddon, AT&T Bell Labs, J. S. Brooks, Department of Physics, Florida State 
University 

The organic conductor rc-(BEDT-TTF)sCu[N(CN)a]Br is a layered quasi-two di- 
mensional material that is derived from the donor molecule BEDT-TTF. These 
charge transfer salts have received considerable interest, due to the occurrence of 
transitions to either a superconducting state or to a density wave phase below a 
critical temperature. 

We have studied the electronic structure of this organic conductor using angle- 
resolved photoemission. Fig. 1 shows a typical spectrum, taken with 24 eV photons 
on a sample cleaved in situ. In general agreement with an earlier study of Liu et 
al. we do not observe significant emission intensity at the Fermi level (Ep).’ An 
interpretation of these results requires knowledge of the surface propertres of this 
material. 

k 
These have not been studied up to date). Single crystals of K-(BEDT- 

TTF)zCu[ (CN)z]B r are expected to cleave exposmg the conducting layers. As 
the separation between these layers is larger than the escape depth of the pho- 
toelectrons, photoemission only probes the top layer of the sample. Only when 
the surface’s stoichiometry is representative for the bulk, the observation of a low 
emission intensity at EF can be related to the electronic bulk structure of this 
conductor. It is therefore planned to systematically study the surface properties 
of these materials. In addition the electronic structure will be studied with X-ray 
emission spectroscopy, as this technique is not surface sensitive as photoelectron 
spectroscopy. 

Work supported in part by NSF CAREER AWARD DMR 95-011’74. 
1. R. Liu et at. Phys. Rev. B51, 6155 (1995). 
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Figure 1. Normal emission ARP spectrum from K-(BEDT-TTF)sCu[N(CN)a]Br 
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Surface states on the (100) and (001) surfaces of equi-atomic CuAu * U4A 

Xumou Xu, R.G. Jordan and S.L. Qiu (Florida Atlantic University). 

We are making a detailed experimental and theoretical investigation of surface 
states on the (100) and (001) surfaces of CuAu (Lls, layered tetragonal structure 
with c/a = 0.925). We have identified Tamm-type surface states on both the 
and (001) surfaces, labelled Sl and 52 on the accompanying figure for the 
surface, located near the z-point, and a Shockley-type state near the x-point in 
the binding energy range 0-1eV on the (100) surface. By making a careful analysis 
of the dispersion of Sl and S2 on the two surfaces we have determined the surface 
lattice constants and we conclude that the (100) surface is not reconstructed. Pre- 
liminary calculations of the electronic structure at the CuAu(001) surface using a 
slab geometry, with an Au termination, shows the appearance of these Tamm-type 
states. More detailed calculations are underway. (This work is being carried out 
in collaboration with Dr. G.Y. Guo, Daresbury Laboratory.) Acknowledgments: 
We thank Dr. M.L. Shek for her help and advice. 

I”: /hVn4 

Figure 1. Photoemission 
various emission angles in 
an incidence angle of 60”. 

a * 
BW&fl”I 

6 8 10 

spectra from the 100) surface of equi-atomic CuAu at 
The photon energy is 25eV with 

* This work is supported by a NSF grant: DMR-9120120 
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Determination of Helicity-Dependent Absolute PhotoAbsorption U4B 
Cross Sections at the L-edges of Fe, Co, and Ni * 

V. Chakarian and Y.U. Idzerda (NRL), J.-H. Park, G. Meigs, and C.T. Chen 
(AT&T) 

The knowledge of absolute X-ray photoabsorption cross sections is a prerequisite 
in many experiments that employ photons as a probe. In this article, we present 
a method which enables the determination of the absolute photoabsorption cross 
sections in the soft X-ray region. Absorption spectra are obtained in transmission by 
using a photodiode mounted behind the samples which consist of a ~59 A thin film 
evaporated in situ onto Nlprn thick semi-transparent parylene, CsHs),,, substrate 
[l]. The measurements, made by employing circular polarized p 6 otons enable the 
determination of p+ and CL- corresponding to the absorption cross se&ions of left- 
and right-circular polarized photons (or photon spin parallel and antiparallel to 
the sample magnetization direction), respectively. The total photoabsorption cross 
section can also be obtained by using ,uT~~ = (,u+ + ,u- + pe)/Q, where ~0 = (p+ + 
p-)/2 is the photoabsorption cross section for linear polarized photons (not helicity 
dependent). As an example, the figure below shows the corresponding cross sections 
per Fe atom, expressed in cm-‘. The spectra were scaled to calculated absorption 
cross sections [2] in the pre- and post-edge regions and the atomic density in the 
film was assumed to be same as the bulk value. An independent confirmation of 
the resulting p~,,t was obtained by correlating the absorption strength at the Ls 
peak with ex-situ X-ray fluorescence measurements from a series of samples with 
different thicknesses. The two methods yield values that are very similar. The 
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Element-Specific Orbital and Spin Moments of Transition Metal Al- 
loys via MCD * U4B 

V. Chakarian and Y.U. Idzerda (NRL), J.-H. Park, G. Meigs, and C.T. Chen 
(AT&T) 

Magnetic circular dichroism (MCD), in conjunction with the recently developed 
sum-rules, can be used to decompose the total magnetic moment of a magnetic ma- 
terial into the orbital and spin moment contributions. In this article, we extend the 
use of the MCD method to transition metal alloy systems FezCor-, and Co,Nir-,. 
XAS spectra are obtained in transmission by using a photodiode mounted behind 
the samples which consisted of a thin film evaporated in situ onto semi-transparent 

P 
arylene substrates. The data reduction recess is discussed in detail elsewhere 

11. As an exam le, 
Q 

the MCD spectrum P solid) from a thin film Fe4sCosz alloy 
and its integral dashed) are shown in Fig. 1, where p and Q are the integrated 
MCD intensities over the Ls and Ls+Lz edges, respectively. Using these values, it 
is possible to directly obtain the ratio of orbital to spin moments, ml/m,, of each 
element. The measurements were repeated for a large number of alloy films span- 
ning the entire Fe-Co-Ni phase diagram, and the results are shown in Fig. 2 alon 
with Einstein-de Haas gyromagnetic ratio data [2] and theoretical predictions 
The preliminary results thus far indicate that the orbital and spin moments for eat 
of these elements do not vary significantly, within experimental uncertainty, away 
from their elemental values. This is in contradiction to the theoretically expected 
non-monotonic behavior of the orbital moment. The discrepancies may be, in part, 
due to the fact that the films used in the present work were random alloys. The 
results of this study will be presented in more detail in upcoming publications. 

[I 1 CT. Chen et. al., Phys. Rev. Lett., 75, 152 (1995). 
2 K. Adachi et. al., Magnetic Properties of Metals, Vol. III/lSa, p. 1’78 

(Sprmger-Verlag, Berlin, 1986). 
[3] P. Sderlind, et. al., Phys. Rev. B, 45, 12911 (1992). 
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z Giant magnetic effects in the L-edge extended X-ray absorption fine U4B 

structure of 3d transition metals * 

Y.U. Idzerda, V. Chakarian, and K. Kemner (NRL), J.-H. Park, G. Meigs, and 

Transmission MCD measurements extended to the EXAFS region have been per- 
formed for Fe, Co, and Ni thin films grown under ultra-high vacuum conditions by 

C.T. Chen (AT&T) 

e-beam evaporation from pure metal sources onto N lprn thick semi-trans 
parylene substrates. Helicity dependent soft X-ray absorption spectra (XAS P 

arent 
were 

obtained by measuring the relative photon flux transmitted through the magnetic 
thin films using a photodiode mounted behind the sample. The photon beam was 
incident at 45’ with respect to the sample normal with the energy resolution and the 
degree of circular polarization set at AE N 0.5 eV and pe = 0.75, respectively. The 
MCD data were measured by alternating the magnetization at each photon energy. 
The EXAFS and magnetic EXAFS (MEXAFS) measurements for the L-edges of 3d 
transition metals are shown at right. The leftmost panel of the figure shows the Fe 
XAS spectrum in which the vertical scale in the EXAFS region is expanded. The 
next panel shows the Fe MCD signal, where the vertical scale has been expanded. 

The results of similar measurements at the L-edge of Co and Ni thin films grown 
similarly are shown in the remaining panels. The XAS spectra display large EX- 
AFS oscillations indicating reasonable crystalline quality of the films. There is a 
substantial difference in the detailed shape of the EXAFS oscillations between Fe, 
Co, and Ni due to the differences in the local atomic structure of these films and 
to the changes in the interference between the oscillations associated with the two 
edges. Note that although the EXAFS oscillations of the Fe, Co, and Ni films are 
of comparable intensity, the relative amplitude of the MEXAFS compared to the 
EXAFS changes dramatically from j, 5% for Fe, f 2.5% for Co, to <f 0.5% for 
Ni of the respective EXAFS oscillations. Noting that the spin moments of bee Fe, 
hcp Co, and fee Ni are 2.1, 1.5, and 0.6 PB, respectively, these measurements indr- 
cate that the size of the effect does not scale linearly with the spin moment of the 
scattering atom. 

Photon Enorgy (*v) 

Figure 1. 

Magnetic Field Dependence of Mn Moment in FeCo/Mn/FeCo Tri- U4B 
lavers * 

Y.U. Idzerda, V. Chakarian, G.A. Prinz (NRL), C. Gutierrez (S.W. Texas Univ.), 
H.J. Lin, G. Meigs, and C.T. Chen (AT&T) 

Recently a new multilayer system, essentially bee Co/Mn/Co (the actual com- 
position of the trilayer is FezsCors/Mn 
a unique coupling behavior, Instead o i( 

FezsCors), has been found to have quite 
simply exhibiting aligned or anti-aligned 

configuration of the two ferromagnetic films, the magnetic moments of the two 
single-crystal FeCo alloy layers are strongly coupled at a fixed angle with respect to 
one another. Because this coupling angle is dependent on the thickness of the Mn 
layer, this unique coupling must be reflected in an atypical magnetic structure of the 
embedded Mn layer. The magnetic multilayer consists of two 100 A, single-crystal 
FezsCora alloy films, separated by a thin 4.5 monolayer (8.7 A) Mn interlayer. The 
trilayer was grown on a thick ~660 A ZnSe(OO1) buffer layer and capped with a 
30 A Al film to prevent oxidation. The element-specific magnetic hysteresis curves 
were determined by monitoring the partial X-ray fluorescence yield, as a function of 
the applied magnetic field, at the Ls edges of the relevant elements. The seemingly 
complicated Mn hysteresis loops are the result of a nearly-rigid 23’ rotation of the 
average Mn moment with respect to the average Fe moment. The rotation angle, 
however, is not completely field independent. The magnetic field dependence of the 
canting angle is shown in the figure below. The angle varies from 30’ at low fields 
to only 20 at high fields. The 23’ rotation and thus field dependence behavior is 
inconsistent with an interdiffusion of the Mn into the FeCo alloy layers. 
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Electronic aspect of ferromagnetic transitions in Lar-,(Ca, 
Pb), MnOa 

U4B 

J.-H. Park, C. T. Chen, S.-W. Cheong, W. Bao, G. Meigs, (AT&T Bell Labs), V. 
Chakarian, and Y. U. Idzerda (NRL) 

U4B Lar-,A,MnOs (A = Ba, Sr, Ca, Pb, etc.) exhibits an intriguing ferromag- 
netic transition accompanied by a large change m resistivity. To investigate elec- 
tronic change through the transition, we have measured high resolution valence band 

P 
hotoemission spectra and resonant photoemmission spectra of LaasrCas.saMnOs 
Tc z 260K) and Las.rPbo.sMnOa (To M 330K) for different temperatures. The 

high resolution spectra and Mn 2p edge on-resonance spectra shown in the figure 
were taken with the experimental resolution of 60 meV and of 600 meV, respectively. 
As shown in Fig. (a), the high resolution wide scan spectra exhibits nearly no dif- 
ference for the different temperatures except for an variation near the Fermi level. 
The magnified near EF spectra are shown in Fig. b . 
density of states at EF, n 
upon cooling below To 6 

Ep), is observed at 280 A1 
For Lae.srCas.asMnOa, no 

> To), but I increases 
an a metallic Fermi edge is clearly observed at 80K. Similar 

temperature-dependence of I was also observed in Las.rPbe.sMnOs. The Mn 
2p edge on-resonance spectra, in which the Mn 3d emission is enhanced exclusively, 
are shown in Fig. (c). Upon cooling from the high to low temperature, an energy 
shift of N 0.2eV ( N 0.25eV) to low energy binding energy is observed for the lowest 
binding energy state, which corresponds to the 4Az final state, of Lao.erCas.saMnOs 
(Lao.7Pbo.aMn 03). 

The data clearly show that the band gap collapses below the Curie temperature 
and the density of states at Ep increases with cooling, providing a conclusive micro- 
scopic evidence for an insulator-metal transition near To. Our study, furthermore, 
shows that the fascinating paramagnetic insulator to ferromagnetic metal transi- 
tion results from the close interplay between the charge fluctuation energy for an 
electron hopping from Mn3+ to Mn4+ sites, and spin-dependent electron hopping 
energy. 

Mn3+-Mn4+ mixed valence deriven by Co doping in LaMnOs U4B 

J.-H. Park, S-W. Cheong, C. T. Chen (AT&T Bell Labs.), V. Chakarian, and Y. 
U. Idserda (NRL) 

LaMnOs is an antiferromagnetic insulator with Mnaf. Substitution of La sites 
with alkaline earth elements, i.e. Lar-,A,MnOa (A = Sr, Ca, etc), induces Mn4+ 
and the system becomes Mn ‘+-Mn4+ mixed valent. Then the system exhibits an 
intriguing ferromagnetic transition, which arises ‘ccolossal’ magnetoresistance. It 
has also been found that the transition temperature as well as the magnetoresis- 
tance varies as a function of the lattice constant. Hence it is interesting to study 
La(Mnl-,Co,)Os system, in which the lattice constant also changes as a function 
ofx. 

We have investigated La(Mnl-,Co,)Oa by using x-ray absorption and resonant 
photoemission spectroscopies. Fig. (a) shows Co L 2,s edge x-ray absorption spectra 
of LaMne.ssCoo.rsOs in comparison with those of LaCoOs (Coat) and Co0 (Co’+). \ 
As can be seen in the figure, the spectrum of LaMno.ssCoe.rsOs, surprisingly, ex- 
hibits almost identical features in both La and Ls regions to those of Co0 but com- 
pletely different from those of LaCoOs, showing that Co in LaMnOs is not trivalent 
but divalent. These results indicate that Co doping creates Co2f-Mn4+ pairing 
and induces the Mnat-Mn4+ mixed valent system as in Lar-,A.MnOa. Fig. 
shows Co 2p edge on- and off-resonance photoemission spectra of LaMns.ss Co0.m 6 

b) 
3, 

which were taken with ‘778.5eV and 7’75eV photon energies, respectively. In the on- 
resonance, the spectrum in the valence band region is completely dominated by Co 
3d emission due to a giant resonance enhancement. As can be in the difference 
spectrum shown in the bottom, the Co 3d lowest bonding energy states, which cor- 
respond to sTa and ‘Tr, locate M 0.7eV higher binding energy than the Mn 3d 
lowest binding energy state, which corresponds to 4Ar. 

The data show that Co doping in LaMnOs changes the system to be Mnat-Mn4+ 
mixed valent, not only the lattice constant. 

Photon Energy (6%‘) 

Figure 1. Figure 2. 
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G A Study of Ethanol Adsorption on Si(100) Surfaces Using Mid-to U41R 

Far-Infrared Spectroscopy 

J. Eng, Jr., L.M. Struck, B.E. Bent, G.W. Flynn, (Columbia University), Y.J. 
Chabal, K. Raghavachari (AT&T Bell Laboratories), G.P. Wiiams (BNL-NSLS) 

There has been considerable commercial interest [l] in the use of tetraethoxysilane 
(TEOS) as a silicon source for chemical vapor deposition processes related to SiOa 
growth. In turn, this interest has motivated studies of ethanol adsorption on Si(100) 
surfaces, since it has been shown [2] that ethanol decomposes upon adsorption to 
form a bound ethoxy group which, through infrared (IR spectroscopy, has been 
determined to resemble the ethoxy groups in adsorbed 4 EOS. Though these IR 
Studies has been quite fruitful, they have also been limited by strong silicon phonon 
absorptions to frequencies above 1300 cm-r. 

In the studies described here, the adsorption of ethanol on clean Si(100) surfaces, 
has been investigated using a specially prepared cobalt implanted silicon sample 
as described in more detail in the companion summary about water adsorption on 
Si(100) found elsewhere in this Annual Review. The adsorption of three isotopes of 
ethanol (-do, -de, -de) have been studied, and shown in the figure are the infrared 
spectra corresponding to approximately monolayer coverage of each isotope on clean 
Si(100). These spectra represent the first time that the skeletal modes of bound 
ethoxy groups have been observed on silicon surfaces, and show that the ethanol 
dissociatively adsorbs across the Si(100) d imer to yield a bound ethoxy group on 
one side and an adsorbed hydrogen on the other. Furthermore, the surface dipole 
selection rule, which results from the buried metallic layer, indicates that the ethoxy 
group is adsorbed such that the C s,, axis of the methyl group is perpendicular to 
the surface, quite different from the bonding geometry for ethanol adsorption onto 
metals. Normal obtained by ab-i&to methods have been successful in assigning all 
the major features in the ethanol-de spectrum and more calculations are underway 
to assign the features for the ethanol -da and -de spectra. 

L. Tedder, G. Lu, and J. Crowell, J. Appl. Phys., 1991, 69(10) 7037-49 
J. Crowell, L. Tedder, H. Cho, F. Cascarano, and M. Logan, JVST A 8(3) 
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Study of Water Adsorption on a Si(100) Surface Using Far-Infrared U41R 
Spectroscopy 

J. Eng, Jr., L.M. Struck, B.E. Bent, G.W. Flynn (Columbia University), Y.J. 
Chabal, K. Raghavachari (AT&T Bell Laboratories), G.P. Williams (BNL-NSLS) 

Understanding the bonding geometry and dynamics in the adsorption of water on 
Si(100) surfaces is technologically important for device manufacture. Infrared (IR) 
spectroscopy is, in general, useful for studying bonding geometries and dynamics. 
For silicon, however, external reflection IR spectroscopy has poor signal to noise, 
while transmission IR spectroscopy is limited by phonon absorptions below ~1400 

-r so that only high frequency vibrations such as those involving hydrogen can 
iTobserved. 

In the studies described here, specially prepared Co+ implanted Si(100) wafers 
are used to overcome the problems mentioned above. After Cot implanted each 
wafer is annealed at lOOO’C, which causes the subsurface cobalt to form an abrupt, 
semi-metallic, reflective COSiz layer which is located 50 nm below the surface and 
is 50 nm thick. The annealing step also repairs the Si overlayer damaged during 
implantation, so that an ordered Si(100) 2x1 surface is obtained. In this type of 
sample, the silicon overlayer is optically thin, so that phonon absorptions do not 
dominate, yet chemically thick enough to exhibit the same surface chemistry as 
Si(100) wafers with no implantation, 

Using these Cot implanted samples, we have been able to perform spectroscopic 
studies in the far infrared for Hi60, HisO and Di60 adsorption onto Si(100) sur- 
faces. The spectra for Hk60 and Da0 ( h s 
ciatively adsorbs across the Si(100) 

own below) indicate that water disso- 
surface dimer. Importantly, use of the cobalt 

implanted sample, along with the mtense synchrotron light, has enabled us to see 
a weak mode at 896 cm-’ in the Hi60 spectrum, which had not been previously 
observed. Normal mode calculations show that for Hk60 the Si-OH stretching mode 
and the Si-O-H bending mode are sufficiently close in energy to couple mechanically 
and split apart, resulting in a mode at 825 cm-l and at 896 cm-r. Thus, we have 
been able to resolve the puzzling isotope shift seen previously by electron energy 
loss spectroscopy (EELS) [l], The features in the HisO and Dk” 0 spectra have also 
been assigned, based on the calculations. 

[l] H. Ibach, et al., Solid State Communications, Vol. 42 No. 6, ~457. 



c Axis Response of LazCuOd studied by Far IR Ellipsometry * 1 U4IR 1 
R. Henn, J. K&her, and M. Cardona (Max-Planck Institut FKF, D-70569 

Stuttgart, Germany), and G.P. Williams (BNL-NSLS) 

In order to investigate far infrared properties of superconducting cuprates we 
coupled a rotating analyzer ellipsometer to the Fourier spectrometer of the U4IR 
beamline. The “in plane” dielectric function in the far IR of these materials is dom- 
inated by the electronic response in accordance with the picture of charge carriers 
having a high mobility within the CuOz planes. Much more unsettled is the pic- 
ture of charge transport perpendicular to the CuOz planes, where usually a much 
lower conductivity is observed. We have measured the complex dielectric function 
of LazCuOr (T, “N 
and imaginary 

33K) for c polarization at different temperatures. The real (~1) 
(sz) part of the dielectric function measured at 300 K are shown 

in the figure to the left. The spectra are dominated by the phononic response of 
the sample. In agreement with the low conductivity along this direction, we only 
observe a weak, almost temperature independent “background” attributed to free 
carriers. We can fit (solid lines) our data (dots) with a Drude term (wp ,-830cm-1, 
l? =440cm-‘) accounting for the electronic response and 3 Lorentzians representing 
the 3 strongest phonons (at 235, 354, and 500cm-‘). The oscillator strength of the 
mode appearing at 311cm-’ is too weak to obtain a satisfactory fit. As an example 
we show on the right hand side the temperature dependence of the parameters (os- 
cillator strength S! energy E, and full width at half maximum P) for the 235cm-’ 
mode. The preliminary analysis of the data presented here gives no indication for 
phonon anomalies at T, and no sign of superconductivity in the electronic response 
of Las CuO4 for c polarization. 

100 200 300 400 500 600 700 100 200 300 400 500 600 700 
fmquancy (cm-‘) 
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* The NSLS is supported by the United States Department of Energy under contract 
number DE-AC02-76CHOOO76. 

FIR-Synchrotron Study of CO2 Activation and Alkali Compound U41R 
Formation on Cu(ll1) * I I 
F.M. Hoffmann (Exxon Research and Engineering), J. Paul (Physics III, Royal 

Institute of Technology, Stockholm, Sweden), and G.P.Williams (BNL-NSLS) 

Alkali metals are frequently used as catalytic promoters for the activation of 
COz, e.g in the methanol synthesis reaction. Recent studies of this reaction at high 
pressure have shown the importance of alkali compound formation in this reaction. 
Vibrational spectroscopy offers in principle an excellent fingerprint of the different 
compounds formed by the reaction of COz with alkali metals. However, the actual 
vibrational spectra observed after reaction of COs with potassium layers reveal 
an extraordinary complexity due to the presence of a mixture of different species 
and coordinations, i.e. CO,, CO:-, Cs04, and CO:. In order to characterize the 
individual species, we have synthesized thin films of CO,, oxalate, and carbonate 
species by coevaporation of potassium and CO 2. The reflectance changes induced 
are shown in the figure. Utilizing FT-IRAS with synchrotron radiation in the far- 
IR, we obtain a complete set of high resolution vibrational spectra of these species 
from the Mid to Far-IR. 

The latter region is of particular importance since it contains information about 
the K-O bond formation and hence the molecular coordination. Isotopic substitu- 
tion and the comparison with theoretical calculations allow the determination of 
molecular identity, symmetry, force constants, and bond angles. Finally the ther- 
mal decomposition pathways of the various compounds and the relationship between 
thermal stability and K:COs stoichiometry are determined with time-evolved FT- 

.M. Hoffmann, M.D. Weisel and J. Paul, Surf. Sci. 316, 2’7’7 (1994). 

* The NSLS is supported by the US DOE under contract DE-AC02-76CH00016. 



v 
E Infrared Spectroscopic Study of Water Adsorption on Ni(ll0) UUR 

M. Kovar, R.V. Kasza, K. Griffiths and P.R. Norton (Department of Chemistry, 
The University of Western Ontario, London, Ontario, Canada N6A 5B7), and G. 
P. Williams, D.G. Van Campen (BNL-NSLS) 

The adsorption of water on Ni(ll0) at 180 and 230 K has been studied by Fourier 
Transform Infrared Reflection-Absorption Spectroscopy in the 250-2000 cm-’ fre- 
quency range using synchrotron radiation. Based on the previous study [l], water 
does not dissociate on Ni(ll0) at 180 K. However, it partially dissociates and des- 
orbs above 200 K. 

We have observed two broad vibrational bands at 6’70 and 800 cm-’ with peak 
widths (FWHM) of 40-60 cm-’ for the saturated HzO/Ni(llO) surface at 180 K. 
Furthermore, upon heating the surface to 230 K, we have observed a frequency shift 
of these two vibrational bands to 780 and 950 cm-’ as well as a narrowing of the 
FWHM to 15 and 24 cm-‘, respectively. In the isotopic experiment using DsO, we 
have measured two vibrational bands at 500 and 590 cm-’ at 180 K and 570 and 700 

-’ bands at 230 K respectively. Based on the isotopic experiment, we assigned 
thmese bands to librati&s of water. Even though, water partially dissociates at 230 
K, we were inable to detect a hydroxyl group band both from heating from 180 K 
to 230 K and in the separate experiment in which hydroxyl group were prepared by 
dosing water on the surface with preadsorbed oxygen. No Ni-0 vibrational mode 
was detected even at frequencies as low as 200 cm-‘. This might be due to the 
orientation of the bond to the surface. Lower frequencies and broader bands at 
180 K are produced by higher coverages, where the non-dissociated water molecules 
are stabilized by strong dipole-dipole interactions. At 230 K, water does make any 
clusters or islands. Single molecule is stabilized by hydroxyl groups resulting in 
higher narrow frequency bands. The O-H group bonds are perpendicular to the 
surface in both cases. 

1. B. W. Callen, K. Griffiths, R. Kasza, M. B. Jensen, P. A. Thiel, P. R. Norton: 
J. Chem Phys. 97 (1992) 3760. 
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1 FAR-INFRARED SYNCHROTRON SPECTROSCOPY OF FUNC- 1 
) TIONALLY IMPORTANT LOW FREQUENCY MODES IN PRO- ( U4IR 1 
1 TEINS * 

A. Xie, Q. He, K. Hellingwerf. W.D. Hoff, E.M. Scheuring, B. Sclavi, M&Chance. 
Dept. of Physiology and-Biophysics, Albert Einstein College of Medicine , Bronx, 
NY 10461. Dept. of Microbiology, Univ. of Amsterdam, 1018 WS Amsterdam, The 
Netherlands. 

Low frequency modes of proteins arise from (1) large effective masses, resulting 
from coupled motions of a large number of atoms, and (2 weak bonds, such as 
hydrogen bonds and salt bridges, which are important for t h e high-order structure 
of a protein. We study the structural origins, dynamic nature! and functional 
roles of low frequency modes of photoactive yellow protein, bactenorhodopsin, and 
myoglobin, using far-infrared synchrotron spectroscopy (20 - 500 cm-‘), and model 
compound analysis with homologous amino acid polymers. All proteins examined 
exhibit broad band absorption with small ripples of narrow bands; while homologous 
polymers display a few well-defined bands above 60 . One band around 110-150 is 
found in poly-L-Ala, -Leu, and -Trp with dominant a-helical structures, and absent 
in poly-L-Gly, -Val, and -Phe lacking a-helical structures. Far-infrared difference 
spectroscopy 1s being applied to detect changes in collective modes of a protein from 
one state to another. Discussions will be presented concerning structural origins and 
biological importance of observed low frequency collective modes in proteins. 

* This work was supported by grants from NIH RRO1633, HL45989, and ONR N00014- 
95-I-0310. 



1 Quantum Well States of Cu Films on Magnetic Alloy Substrates IuiiJl 

D.-J. Huang and P. D. Johnson, Dept. of Physics BNL 

Quantum-size effects on electronic structure have been well studied in semicon- 
ductors and transition metals. Recently the quantum well states in the spacer layer 
of magnetic multilayers have been used to explain the oscillatory exchange coupling. 
In these magnetic multilayers the exchange coupling between adjacent ferromagnetic 
layers oscillates with the thickness of spacer layers. The quantum well states in Cu 
on fee Co(OO1) have been found to be spin-polarized, preferentially with minority 
spin, and crossing the Fermi level with the periodicity identical to the oscillation 
periods of the exchange coupling in the associated magnetic multilayers. In the 
present work, we perform photoemission studies of the quantum well states in Cu 
films deposited on Co and CoNi alloy substrates. The quantum well states in Cu 
on CosoNise alloy have been identified. shows that. As shown in Figure 1, these 
states are less intense and have slightly lower binding energies than those in Cu 
on Co OOl), particularly in the vicinity of the Fermi level. This observation can 
be we 1 reconciled with the electronic structure change in the substrates. The s-d 
hybridization gap in CoseNise alloys moves away from the Fermi level as the Ni con- 
centration increases. Once the Cu quantum well states are located outside of this 
gap, the reflectivity reduces dramatically and the quantum well states are much less 
confined. Our results indicate that the degree of quantum confinement can be tuned 
by altering the electronic structure of magnetic substrates, for instance, changing 
the relative concentration in the substrate. This in turn suggests the possibility of 
tuning the exchange coupling strength in the associated magnetic multilayers. 

4 3 2 1 0 
Binding Enor~y (oV) 

13 12 
Binding Energy (eV) 

Figure 1. Photoemission spectra of quantum well states in Cu films deposited 

s 
onCosoNize and Co substrates. The spectra are taken at normal emission with 23 

Figure 1. 5p photoemission spectra of chemisorbed Cs on lo-ML Fe films deposited 
on W(110). The spectra were taken with 30 eV photon energy and at temperature 

E 
eV photonenergy. of 100 K 

Photoemission studies of chemisorbed Cs on Fe substrates Iu5uI 

D.-J. Huang, E. Vescovo (BNL), D. M. RZe (Utah State Univ.), P. D. Johnson 
(BNL), P. Abramowitz and J. L. Erskine (Univ. of Texas at Austin) 

There is considerable interest in the nature of the bonding between alkali adatoms 
and metal surfaces. However the magnetic interaction between alkali atoms and 
ferromagnetic substrates has received less attention. In this work, we use spin- 
polarized and spin-integrated photoemission spectroscopies to investigate the elec- 
tronic interactions between chemisorbed Cs atoms and ferromagnetic Fe films which 
are epitaxially grown on W 

b consistent with previously o 
110). Spin-integrated Cs 5p photoemission spectra are 
served general trends in the coverage dependent bind- 

ing energy shifts of alkali adatom core-level spectra. The Cs 5p binding energy in 
the first atomic layer decreases as the Cs coverage increases due to dipolar repul- 
sion and band formation, as shown in Fig. 1. The binding energies of Cs in the 
second layer are smaller than those in the first layer, an indication that the Cs-Cs 
interaction is weaker than the Cs-Fe interaction. In addition, the lifetime width of 
Cs in the first layer is much larger than those in the second layer. This dramatic 
change of lifetime width is suggestive of s-p hybridization in the first-layer&s va- 
lence electrons. That no measurable spin-polarization exists in the Cs 5p spectra 
suggests that there is little or no induced magnetic moment on Cs site, in contrast to 
the observation of an induced magnetic moment in chemisorbed oxygen and sulfur 
on ferromagnetic substrates. Data analysis is under way to understand the Cs-Fe 
electronic interactions. 

1 Cscovo[ago(ML) - 



1 CORE LEVEL LINESHAPES IN FeRh ALLOY IU7BI 

Biao Zhao, R.G. Jordan (FAU), M.W. Ruckman, F.M. Jacobsen, Myron Strongin . . 
WL) 

We have carried out photoemission measurements to study the line- 
shapes of the Fe and Rh core levels - concentrating particularly on 3s and 4s line- 

shapes, respectively - to monitor the local magnetic character in the antimagnetic 

k 
AF) and ferromagnetic (FM) states. We have investigated samples of pure Fe, pure 
h and equiatomic FeRh alloy. Characterizations of FeRh samples were done prior 

to photoemission measurements. X-ray diffraction shows that the FeRh alloy has 
a CsCl structure and its transition temperature was determined from the electrical 
resistivity measurements which is in good agreement with previous report. 

Figure 1 shows the Fe 3s core levels for pure Fe and FeRh alloy. No change in 
the line-shapes of the Fe 3s core level in FeRh alloy below and above the transition 
temperature ( 350 K). This indicates that the local moment on the Fe sites are 
same in both AF and FM states which is in agreement with our theoretical calcu- 
lations using both FSM-ASW (Fixed-Spin Moment, Augmented Spherical Wave) 
and LMTO (Linear Muffin-Tin Orbital) methods. . The Rh 4s core level spectra 
for both pure Rh and FeRh alloy are shown in figure 2. This preliminary result 
shows no change in Rh 4s lineshape of FeRh alloy below and above the transition 
temperature. 

One possible reason is that the magnetic properties change significantly from the 
surface to the bulk for FeRh alloy and theoretical results reflect the bulk magnetic 
properties while the photoemission measurements reflect the surface properties. 

Slab calculations are under way to investigate the possible difference in magnetic 
properties between bulk and surface for FeRh. 

This work was supported by funds from the NSF, contract No. DMR-9120120. 
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Room-temperature Chlorination of As-rich GaAs( 110) U8A 

W.C. Simpson (UC Riverside, MSD LBNL), D.K. Shuh (CSD LBNL), and J.A. 
Yarmoff (UC Riverside, MSD LBNL) 

It is important to gain an understanding of the reaction of Clz with GaAs since 
chlorine is the primary chemical etchant used in GaAs device fabrication. The study 
of Clz/GaAs reactions is complicated somewhat by the fact that many GaAs surface 
stoichlometries are stable and that the composition and crystallinity of the starting 
surface affect the path of the reaction [l]. F or example, in the room-temperature 
reaction of Clz with GaAs(llO), there is a competition between passivation and 
etching. 

GaAs(ll0) wafers cleaned by chlorination and annealing are found to be slightly 
As-rich. The subsequent reaction of these As-rich surfaces with Clz is followed over 
several orders of magnitude in exposure. After low exposures 
surface appears to passivate with only half a monolayer of AsCl I 

< 5~10~ L), the 
ormed. Following 

sufficiently large (> 5~10~ L) exposures, however, the formation of both As and Ga 
chlorides is observed. After the largest exposures, the distribution of As chlorides 
still favors the monochloride, but the Ga chlorides favor GaClz, in nearly equal 
amounts. To explain this result, it is suggested that the surface is terminated 
by -AsCl-GaClz moieties. The addition of Cl to form GaCls from GaClz is thus 
identified as the rate-limiting step in the overall reaction. 

Figure 1 shows Ga and As 3d core level spectra collected from As-rich GaAs(ll0) 
that was exposed to 1.2~10~ L of Clz. Indicated in the figure are the individual 
core-level components that arise from bulk GaAs, GaCl, GaClz, AsCl, and AsClz. 
Tricoordinate Ga and As atoms also contribute to the spectra, along with Ga clus- 
ters, which are thought to generate the low-BE Ga 3d component. 

1. W. C. Simpson, D. K. Shuh, W. H. Hung, M. C. H, J. Kanski, 
U. 0. Karlsson, and J. A. Yarmoff, J. Vat. Sci. Technol. A, in press. 
2. D. J. D. Sullivan, H. C. Flaum, and A. C. Kummel, J. Chem. Phys. 101 

(1994) 1582. 
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The Adsorption Behavior of Cl2 on GaAs(OOl)-4x6 1~8~1 

W.C. Simpson (UC Riverside, MSD LBNL), W.H. Hung (IBM), and J.A. Yarmoff 
(UC Riverside, MSD LBNL) 

The initial stages of the room-temperature reaction of Clz with GaAs(OOl)-4x6 
to form GaCls and AsCls are studied using soft x-ray photoelectron spectroscopy. 
The results of this investigation are illustrated in Fig. 1, which shows the proportion 
of the Ga 3d core-level intensity derived from GaCl and GaCh moieties, as well as 
the proportion of the As 3d core-level intensity arising from AsCl and AsClz. Note 
that exposures were carried out with a solid-state AgCl electrochemical cell, so the 
Clz dosage is reported in terms of the time-integrated current through the cell, in 
units of PA-min. 

It is found that the coverages of GaCl and AsCl increase linearly with the loga- 
rithm of the Clz exposure. This logarithmic exposure dependence of the coverage 
corresponds to a sticking coefficient that decays exponentially with coverage! as de- 
scribed by the Elovich equation [l], S 
been used to describe the oxidation o I 

0) = a exp(-be). The Elovich equation has 
a number of metals, alloys and semiconduc- 

tors, but it is not supported by a unique microscopic model [2]. Coverage-dependent 
or reconstruction-dependent activation energies, or the weakening of back-bonds 
due to chlorine adsorption can all account for this behavior. At this time, further 
investigation is needed to determine which microscopic model best supports the 
adsorption kinetics observed for this system. 

The appearance of GaClr and AsClr following sufficiently large exposures indi- 
cates that chlorination occurs in a step-wise manner. An examination of the Cl 2p 
level shows that the difference between Cl bound to Ga cannot be resolved from 
Cl bound to As, but that there is ~0.5 eV difference in the Cl 2p binding energy 
between the monochloride and dichloride moieties. 

1. S. R. Morrison, The Chemical Physics of Surfaces (Plenum Press, 
New York, 1990), Ch. 7. 
2. G. F. Cerofohni, G. La Bruna and L. Meda, Appl. Surf. Sci. 89 (1995) 361. 
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Remote Inductive Effects in the Si 2p Spectra of Halogenated Silicon 111813 

W.C. Simpson, J.A. Yarmoff (UC Riverside, MSD LBNL), W.H. Hung, and F.R. 
McFeely(IBM) 

Recent experimental evidence indicates that remote inductive effects may be 
significant for highly electronegative adsorbates! which would re 
standard scheme for assigning chemical shifts m Si 2p spectra 

uire extending the 

this possibility for halo 
9 11. To investigate 

en systems, Si 2p spectra are collected from monofluorinated 
and polyfluorinated Si 

Figure l(a -(b) 
f 111) and compared. 

s h 
the same sur f’ 

ows spectra collected from monofluorinated Si(ll1) and from 

Panel (c shows the difference between the two, which clearly contains no sub-l-eV 
shifts. ?, 

ace following additional fluorination, which generated higher fluorides. 

his result restricts the possible types of remotely induced shifts that need 
to be considered for this system. 

For example, the data do not rule out the possibility that l-eV shifts are induced 
by -SiFs groups, in direct analogy to the 1-eV shifts induced by -SiOs, seen in 
ref. [l]. This would alter the interpretation of peak A, in Fig. 1 b). To consider 

6 this possibility, an extended set of assignment rules is suggested t at is consistent 
with the data, but which includes the remote inductive effects of F atoms in -SiFs 
groups. It is found that extending the assignment rules in this way does not change 
the qualitative findings of earlier investigations, but does alter the quantitative 
results. 

1. M. M. Banaszak-Holl, S. Lee, and F. R. McFeely, Appl. Phys. Lett. 65 (1994) 
1097. 
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? E Electronic Absorption and Luminescence of Adenine Derivatives in U9B 
Frozen Alcohol Glasses at 77K * 

L. A. Kelly and J. C. Sutherland (BNL) 

The low temperature electronic absorption and luminescence spectra of purine 
derivatives have been measured in dilute, hydrogen bonding solvents, at ‘7’7 K. The 
spectra were measured in frozen alcohol glasses of ethanol and 2,2,2-trifluoroethanol 
at 77 K and the results compared with those obtained for the chromophores in di- 
lute, noble gas matrices (see Ull abstract). The ground-state absorption spectra 
in the protic glasses were red-shifted by ca. 10 nm with respect to those measured 
in the noble gas matrices. Upon electronic excitation (200 - 300 nm) of the purine 
derivatives in the frozen alcohol glasses, both fluorescence (290 - 340 nm) and phos- 
phorescence (350 - 450 nm) were observed from the lowest electronically excited 
singlet and triplet states, respectively (see Figure 1 . In the noble gas matrices, 
only the long-lived phosphorescence was observed. h T e results indicate a dramatic 
solvent effect on the photophysical properties of the electronically excited states 
and, in particular, enhanced fluorescence quantum yields in the protic solvents. We 
have measured the fluorescence lifetimes of the adenine, ‘I-methyladenine, and 9- 
methyladenine to be 2.22 ns, 2.19 ns, and 1.35 ns, respectively, in frozen ethanol at 
77K. 

Figure 1. Time-resolved luminescence spectrum of adenine in frozen ethanol glass at 
77K following excitation with 260 nm pulsed synchrotron light (5 bunches shown). 
The 3-D representation clearly shows the UV fluorescence at short wavelengths and 
long-lived phosphorescence at longer wavelengths of the emission spectrum. 

* This work was supported by the U.S. DOE, Office of Health and Environmental 
Research. L.A.K. acknowledges the DOE DistinguishedPost-DoctoralFellowship Program, 
administered by the Oak Ridge Institute for Science and Education, for support. 

Secondary Structure of the Pleckstrin Homology Domain of PLC- U9B 
delta 

S. Scarlata, S. Dept. of Physiology & Biophysics, S.U.N.Y Stony Brook 

This study involved determining the secondary structure of the pleckstrin homol- 
ogy (PH) domain of phopholipase C - delta 
in over seventy proteins. Although these 6 

PLC). PH domains have been identified 
omams have little sequence homology, 

their tertiary structure appears to be well conserved 
6 
for background see Ferguson et 

al. (1995) Struc.Biol.2, 715-718). PH domains are t ought to function as modular 
units that either enhance the binding of the intact protein to the beta-gamma units 
of guanine nucleotide exchange proteins proteins) or to membranes containing 
phosphatylinositol 4,5-biphosphate Structural studies the PH domains of 
two proteins have been solved and shown to consist of two pairs of beta, 
sheets and an alpha helix. To gain knowledge about the secondary structure of the 
PH domain of PLC, we determined the CD spectra in the presence and absence 
of PIPZ. We find that this protein has a much higher helical content than the PH 
domains of the other two proteins, and that the structure changes little in the pres- 
ence of PIPa-containing membranes. This work has been accepted for publication 
(Garcia et al., Biochemistry) 



Effect of Increased Lipid Packing on the Conformational State of USB 
GLUT1 I I 
Scarlata, S., McBath, H. & Haspel, H., Dept. of Physiol.& Biophys., SUNY Stony 

Brook 
In this study we used the optical facilities at BNL to measure the fluorescence 

lifetimes of the tryptophan residues of the facilitative glucose transporter (GLUTI). 
Glucose binding to GLUT1 results in a structural change to an active conformation. 
The goal of this project was to determine whether increased lipid packing would 
stabilize this state. We and others have found that the fluorescence emission in- 
tensity and anisotropy are highly sensitive to GLUT1 conformation. To determine 
whether these changes are a result of changes in fluorescence lifetime, we measured 
this parameter under various conditions. These measurements served to be valuable 
in determining that the binding of glucose statically quenches GLUT1 fluorescence 
due to a movement of the interfacial tryptophan residues towards the ionic groups 
on the membrane surface and that increased lipid packing stabilizes this state. This 
work has been recently published Scarlata et al. (1995) Biochemistry 34, 7703-7711. 

1 Solution Circular Dichroism of 1,6-Anhydroglucopyranoside lUllI 

E.R. Arndt and E.S. Stevens (SUNY Binghamton) 

The Circular Dichroism (CD) spectrum of 1,6 anhydroglucopyranoside as proto- 
typical of anhydrosugars was measured over the range of 170 to 230nm. A negative 
CD band was found at 183nm with a shoulder at 195 nm. A cross- over occurs 
at 176n, and the CD remains positive to the solvent limit. The spectrum strongly 
resembles that of a methyl-@-D-glucopyranoside film, except that the features are 
red-shifted approximately 7 nm in the anhydrosugar. The presence of the five 
membered ring is obviously in- culpated in the shift. [Supported by NIH Grant 
GM464551 

Wavelength (nM) 

Figure 1. 7.55 mg/ml Anhydroglucoside (aglu) in a 50 micron cell. 



Photoionization Study of Ethanol and Radicals Derived From Ethanol: 
Theory and Experiment I I 

ull 

D. J. Bogan, F. L. Nesbitt, L. J. Stief (NASA/Goddard), J. L. Durant (SNL), S. 
C. Kuo, Z. Zhang and Il. B. Klemm (BNL) 

This study includes theoretical and experimental results for the ionization en- 
ergies (1E)of ethanol, ethoxy radical, 1-hydroxyethyl radical, and the appearance 
energy (AE) of 1-hydroxyethyl cation from ethanol. Experimental measurements 
were obtained at the NSLS using a discharge flow-photoionization mass spectrom- 
eter (DF-PIMS) apparatus. Ab initio calculations were done at Sandia National 
Laboratory using the Gaussian-2 (G-2) method, which is a well characterized theo- 
retical procedure which has been shown to yield accurate bond strengths and ion- 
ization energies. G-2 is a composite procedure that approximates a QCISD(T)/G- 
311+G(3df,2p) calculation as a linear combination of smaller calculations. 

All experiments were conducted at 3QQK with a flow tube pressure of about 4 
Torr of helium and at flow velocities of about 1000 cm/s. Hydroxyethyl radicals, 
CsHhOH or CzDhOH, were generated by the reaction of F atoms with ethanol, 
CsHsOH or CzDsOH. Ethoxy radicals, CzDsO, were produced by the reaction of 
CzDs with NOs via the reaction sequence: F + CzDs --f CzDfi + DF; C2Dc + 
NO2 --f C&D60 f NO. Radical concentrations in the flow reactor were 101’ to 1013 
molec./cm3. Photoionization efficiency (PIE) spectra were obtained by plotting the 
ratio ions/light as a function of wavelength. Analysis of the PIE curves yielded 
the following results that are compared to the calculated values in Table 1. The 
experimental uncertainty is f 0.65 eV or less in all cases. It was assumed that 
the lowest energy AE for loss of one hydrogen from ethanol gives 1-hydroxyethyl 
cation, and that IE(CHaCHOH) < IE(CHzCHzOH . IE’s for l-hydroxyethyl radi- 
cals and ethoxy radical were obtained from thresh01 d s that displayed weak step-like 
behavior. AE’s for CHsCHOH+ and CDsCDOH+ from dissociative ionization of 
the corresponding alcohol were measured from linearly ascending thresholds. 

The work at BNL was supported by the Division of Chemical Sciences. Office 
of Basic Energy Sciences, U.S. Department of Energy, under contract DE-AC02- 
76CH00016. 

Neutral Ion Experiment Theory 

C,H,OH C,H,OH+ 10.43 10.41 
C,D,OH &DsOH+ 10.46 10.40 
CH,CHOH CH,CHOH+ 6.73 6.68 
CD,CDOH CD,CDOH+ 6.70 6.67 
C,H,OH CH,CHOH+ 10.81 10.79 
WWH CD,CDOH’ 10.93 10.89 
C&O GW’ 10.37 10.32 

Figure 1. Ionization Energy or Appearance Energy (in eV). 

Electronic Spectroscopy of Matrix-Isolated Adenine Derivatives at 12 u,,l 
K* I I 
L. A. Kelly, E. D. Johnson, J. C. Sutherland (BNL) 

Low temperature fluorescence and UV/VUV absorption measurements of purine 
and indole derivatives, isolated in argon matrices at 12K, have been carried out 
at beamline Ull. Purine and indole derived chromophores are important light 
absorbing species in nucleic acids and proteins, respectively, of biological systems. 
Hence, the investigations were carried out to assess the fate of the initially produced 
electronically excited states subsequent to UV and VUV photon absorption. The 
matrix isolation experiments provide a means of investigating the spectroscopic 
properties of the isolated chromophores in a non-hydrogen bonding solvent. 

The substrates were isolated in condensed argon matrices at 12K, which served 
as transparent hosts down to 105 nm. Both steady-state and time-resolved lumi- 
nescence measurements were carried out. No fluorescence was observed from the 
electronically excited singlet state of the purine and adenine derivatives. The ob- 
served emission was independent of excitation wavelength and was characterized as 
structured, long-lived phosphorescence from the lowest electronically excited triplet 
state of adenine (Figure 1). Since adenine is known to exist as a mixture of N(7)- 
H and N(Q)-H tautomers, we investigated the N-7 and N-Q methylated adenine 
derivatives as tautomer models. The absorption (Figure l), excitation, and emis- 
sion spectra not shown 

L h 
of Q-methyladenine were found to be quite similar to that 

of adenine. owever, t e emission spectrum of ‘I-methyladenine was significantly 
blue-shifted with respect to both adenine and 9-methyladenine, suggesting that the 
N(Q)-H tautomer is the major tautomer in matrix-isolated adenine. 

Figure 1. (a) Ground-state absor tion spectra of argon matrix-isolated adenine 
(solid line) and Q-methyladenine dashed line) at 12 K; (b) Emission spectra of 
adenine (solid line) and 7-methyla f enine (dotted line) in argon matrices at 12 K. 

* This work was supported by the U.S. DOE, Office of Health and Environmental 
Research, and the National Synchrotron Light Source. L.A.K. acknowledges the DOE 
Distinguished Postdoctoral Fellowship Program, administered by the Oak Ridge Institute 
for Science and Education, for support. 



A Discharge Flow-Photoionization Mass Spectrometric Study of HOI: 
Photoionization Efficiency Spectrum and Ionization Energy 

ull 

P. S. Monks, L. J. Stief (NASA/Goddard), D. C. Tardy (Univ. Iowa), J. F. Liebman 
(Univ. Maryland/BaIto. Co.), Z. Zhang, S. C. Kuo and R. B. Klemm (BNL) 

Photoionization efficiency (PIE) spectra of HOI were measured over the wave- 
length range X = 115 to 130 nm (Fig. 1) and in the ionization threshold region, X = 
123 to 129 nm (Fig. 2), using a discharge flow-photoionization mass spectrometer 
apparatus coupled to a synchrotron radiation source. HOI was generated, in situ 
but in varying amounts, by three separate reactions: OH + 12; OH + CFsI; and 
O(‘P) + CzHsI. The PIE spectra displayed step-like behavior near threshold and 
the HO-I stretching frequency in the cation was determined to be ‘702 & 60 cm-‘. 
A value of (9.81r f 0.02o) eV was obtained for the adiabatic ionization energy (IE) 
of HOI from photoion thresholds, corresponding to the HOI+(X’A”) t HOI(X’A’) 
transition. Even though the present result appears to be the first reported deter- 
mination of IE(HOI), th e experimental value is compared with an estimated value 
previously derived via a trend analysis and it is considered in terms of trends in the 
series IE(HOX), h w ere X = F, Cl, Br and I. The branching ratio for [HOJj/[IO] in 
the O(3P) + CzHsI reaction was estimated to be about 8/l at T = 298 K, if we 
assume that the photoionization efficiencies for HOI and IO are the same at 10.3 
eV X = 120 nm . 

6 T e work at B NL was supported by the Chemical Sciences Division, Office of 
Basic Energy Sciences, U.S. DOE, under contract No. DE-AC02-76CH00016. 

Experimental Determination of the Ionization Energy of 10(X211z,2) ull 
and Estimations of AfH”o(IO+) and PA(I0) 

Z. Zhang (BNL), P. S. Monks, L. J. Stief (NASA/Goddard), J. F. Liebman (Univ. 
Maryland/BaIto. Co.), R. E. Huie (NIST), S. C. Kuo and R. B. Klemm (BNL) 

Photoionization efficiency (PIE) spectra of 10(X211;) were measured over the 
wavelength range X = 115.0 to 130.0 nm (Fig. 1) and in the ionization threshold 
region, X = 126.0 to 130.0 nm (Fig. 2), using a discharge flow-photoionization mass 
spectrometer apparatus coupled to a synchrotron radiation source. Iodine oxide 
was generated by the reactions of 0 
displayed step-function behavior. i 

“P) atoms with 12 and CFsI. The PIE spectra 
rom the half-rise point of the initial step, a 

value of 9.73s f 0.017 eV was obtained for the adiabatic ionization energy (IE) 
of IO, corresponding to the IO+(X’C-) t 10(X211s,2) transition. The separation 
between the first two steps in the PIE spectrum (which might be perturbed slightly 
due to autoionization) was used to derive the vibrational spacing of the cation, 
1060 & 160 cm-‘. A Rydberg progression, presumably converging to the excited 
‘A state of the cation, has a convergence limit that lies 0.596 eV above the ground 
state of the cation. A selected value for the bond dissociation energy of IO, D“e(I0) 
= 226 kJ mol-‘, leads to A,H”s(IO) = 128 f 4 kJ mol-‘. From this value for the 
heat of formation of IO, estimates are made for AfH“e(IO+), A,H”e(HOI) and the 
proton affinity of IO. 

The work at BNL was supported by the Chemical Sciences Division, Office of 
Basic Energy Sciences, U.S. DOE, under contract No. DE-AC02-76CH00016. 
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Figure 1. Photoionization efficiency 
spectra of HOI between X = 115.0 and 
130.0 nm at 0.2 nm steps. The HOI 
molecule was produced in (a): by the re- 
action O(3P) + CsHsI; and in (b): by 
the reaction OH + CF31. The posrtions 
of the “steps” in the PIE curves (126.3 
nm, 125.2 nm and 124.1 nm) are indi- 
cated by the superposed lines. 

e; 0.06 

E ” O.M- 

i - - % O.M- 

% 
_ 

o.oo- 
123 124 I25 126 127 129 

WAVELENGTH (mm) 

Figure 2. Photoionization threshold re- 
gion of HOI at a nominal resolution of 
0.13 nm and 0.1 nm steps between X = 
123.0 and 129.0 nm. The onset of ionize 
tion is at X = 126.35 nm (9.813 & 0.010 
eV). 

Photoionization efficiency 
r$%urr!‘of IO (m/z = 143) ] between 
X = 115.0 and 130.0 nm. The arrow in- 
dicates the onset of ionization at 127.3 
nm (IE = 9.74 & 0.02 eV). The super- 
posed lines indicate autoionization which 
presumably correlates with a Rydberg 
progression hat converges to an excited 
state of the cation at 120.0 nm (10.332 
eV). 

Figure 2. A) Photoionization threshold 
region of I 0 (m/z = 143 at a nominal 
resolution of 0.23 nm an cl 0.1 nm steps 
between X = 126.0 and 130.0 nm. (B) 
Energy derivative of (A). The maximum 
in the derivative is at X = 127.35 nm 
(9.73s f 0.01s eV). 



The electronic structure of Be(lO-10) u12 

Ph. Hofmann and E.W. Plummer (ORNL and University of Tennessee) 

Beryllium is a simple metal with most unusual properties both in the bulk and 
at the surfaces. In the bulk the electronic density of states has a minimum at the 

of states at this 
However, the predicted surface 

dispersions. 
We have determined the electronic structure of Be(lO-10) with angle resolved 

photoemission. Our results clearly rule out the long termination and the experi- 
mentally determined dispersion of the surface states is given in Fig. 1 superimposed 
on the Chulkov’s calculation for the short termination. The major difference be- 
tween calculation and experiment is that the two predicted surface states at the L 
point are not observed. This is probably due to a slight error in the energy of the 
projected bulk bands due to many body interactions. 

E.W. Plummeti and J.B. Hannon, Prog. Surf. Sci. 46, 149 (1994). 
E.V. Chulkov, to be published. 
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Figure 1. Surface state dispersion on Be(lO-lO).The experimental points 
are superimposed on the calculation for the short termination from Ref. t 
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1 Quantitative Calcium XANES * 1 Ul3UA 1 

C. J. Buckley, S. J. Bellamy (KCL), X. Zhang (SUSB), G. Dermody (KCL), and 
S. L. Hulbert (BNL) 

The absorption spectra of five biologically significant calcium salts were recorded 
in total electron yield (TEY) mode at the Ca L edge. These spectra, taken at 
beamline U13UA, are to be used to assess the feasibility of generating spatial maps 
with chemical state contrast from calcified tissue imaged in transmission on the 
scanning transmission x-ray microscope (STXM) at beamline XlA[l] . Drift in en- 
ergy locations were corrected using CaFr standards. Quantification was attempted 
in a two-stage process. Firstly the pre- and post- continuum step ‘plateau’ regions 
were fitted to cross-sections for the salt (using nominal composition and tabulated 
elemental values) plus an area fraction of substrate. The fitting was repeated with 
the additional constraint of constancy of a calcium equivalent peak integral. At 
both stages, spectra showing signs of distortion were rejected. 

Fig. 1 shows the calcium equivalent spectra for one series of experimental con- 
ditions. The details show the NEXAFS minor peak structure which precedes the 
main peaks. It is this structure which shows the variation between salts which we 
hope to exploit for chemical state mapping in the STXM. 

[l] C. J. Buckley, S. J. Bellamy, X. Zhang, G. Dermody and S. L. Hulbert, Rev. 
Sci. Instrum. 66, 1322 (1995). 

Figure 1. Calcium salt absorption spectra (from total electron yield signal). 

* This research was supported by DOE grant no. DEFGD2-89ER 60858. 



) Thermal and Photochemical Deposition of Sulfur on GaAs(lOO) * ( UlSUA 1 

S. Conrad, Q.-S. Xin, X.-Y. Zhu (Southern 111. Univ.) and D. R. Mullins (CRNL) 

1 Resolution test of U13UA 160°-included angle grating I U13UA I 

The interaction of sulfur with GaAs(lOO) is of great interest due to its impor- 
tance in surface passivation. We have investigated the thermal and photochemical 
deposition of S on GaAs(lOO) from HzS using soft x-ray photoelectron spectroscopy 
(SXPS). The deposition of S can be achieved by exposing GaAs(lOO) to HzS at , 
substrate temperatures 1 550 K, a result of the irreversible dissociation of HaS on 
the surface. Both the rate and extent of sulfur deposition is enhanced by white 
light synchrotron radiation. More than twice as much S was deposited using eight 
cycles of dose/irradiate/anneal compared to the saturation S coverage obtainable 
by thermal decomposition alone. The photoassisted deposition showed no evidence 
of saturation. 

Heating of S covered GaAs 
rec&struction, as evidenced 6 

100) to 2 700 K results in a well ordered (2x1 
y low energy electron diffraction (LEED). ?, 

surface 
his high 

temperature stabilized surface is characterized by two well defined states of S! both 
bonded to Ga atoms. One state can be attributed to surface gallium sulfide while the 
other to sub-surface S which replaces As atoms. This interpretation is supported 
by the observation that the As/Ga ratio, as determined by the 3p SXPS peak 
intensities, decreases linearly with increasing S coverage. 

S. L. Hulbert (BNL) 

In addition to the 1740-included angle gratings (300, 600, and 1200 lines/mm) 
typical of now-“standard” Spherical Grating Monochromators (SGM), two 160°- 
included angle gratings (600 and 1200 lines/mm have been installed and com- 
missioned at beamline Ul3UA. These latter two ” 1 ow-energy” gratings require two 
post-deflecting mirrors, at 12’ downward-deflecting and 5’ upward-deflecting graz- 
ing angles of incidence, to make the diffracted beam coincident with that of the 
1’74’- included angle “high-energy” gratings. 

The photon energy range covered by the low-energy gratings is 20-150 eV. One 
of the best photon-energy resolution tests in this photon energy range is to measure 
the double-excitation Rydberg resonances of He below the N=2 threshold of He+, 
as shown for the SX700 monochromator at BESSY by Domke, et al. [Whys. Rev. 
Lett. 69, 1171 (1992 
et al. [abstract for V 8 

and, more recently, for a standard SGM at ALS by Kaindl, 
V XI, Tokyo, 19951. 

As a resolution test, this series was measured using the 600 line/mm low-energy 
grating at Ul3UA and a purpose-built gas cell filled with 25mTorr He. As shown 
in Fig. 1, the (sp,2n+) states are observable out to n=13, which corresponds to 
a resolving power of at least 5000. This resolution is quite good, considering that 
there are three resolution-determining optical elements in this branch of U13UA 
(an SGM designed specifically for this 
resolution-determining optical element . P 

hoton energy range would use only a single 

Hettlonlzatbn Rydbugttrh (25mTorrHe) 

* Research supported by a State of Illinois HECA grant for the Advanced Radiation Figure 1. Autoionizing resonances of doubly excited Helium below the N=2 thresh- 

? 
Source (XYZ), a Camille and Henry Dreyfus New Faculty Award (XYZ) and by the Division 
of Chemical Sciences, Office of Basic Energy Sciences, U. S. Department of Energy under 

old (IPz) of He+. The (sp,2n+) states are seen out to n=13, which corresponds to 

Y contract DE-AC05-960R22464 with Lockheed Martin Energy Research Corp. (DRM). 
a resolving power 25000. 



Ratio of Double-to-Single Photoionization of Helium from Thresh- 
old to 700 eV * 

U13UA 

Jon C. Levin, G. Bradley Armen, and Ivan A. Sellin(U. Tennessee) 

Theoretical prediction of the energy dependence of the double ionization of helium 
by a single photon is a fundamental problem in atomic physics which requires solu- 
tion of the Coulomb three-body problem. In ,the independent-particle framework, 
in which the photon can interact directly with only one electron, double ionization 
by a single photon can proceed only by electron-electron correlation. As a result, 
photoionization of helium has long been used as a testing ground for understandmg 
correlation phenomena. 

Despite the importance of the problem! and the abundance of widely varying 
theoretical predictions at all energies, avdable data are definitive only for a few 
eV above the double-ionization threshold (79 eV), where the ratio of double-to- 
single ionization of helium has been shown to be in good agreement with Wannier 
Theory. Nevertheless, available theories and measurements essentially span the 
space between the two theoretical curves shown in Fig. 2. It was the goal of our 
work on U13UA to obtain an accurate determination of the energy-dependent ratio 
of double-to-single photoionization of helium from threshold to 700 eV. 

Figure 1 illustrates a spectrum obtained at 200 eV. Shown are both charge states 
of helium along with a prompt signal due to Rayleigh (elastic) scattering of photons 
from the target gas. Care was taken to assure that low energy light from the 
monochromator or collimating slit assemblies was filtered from the beam. 

Our measured ratios have smaller statistical errors than previous results, and 
show a broad maximum at about 180 eV. Ratios reported here are typically 10% 
lower than earlier measurements. 

Figure 1. Time-of-flight spectrum of he- 
lium obtained with 200 eV photons. 

* Work supported by NSF 
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Adsorption and Reaction of Methanethiol on Ni Covered W(OO1) U13UA 
* 

D. R. Mullins (Oak Ridge National Lab) 

The adsorption and reaction of methanethiol, CHsSH, has been studied on Ni 
covered W(OO1). The Ni films varied in thickness from sub-monolayer to multilayer. 
CHsSH follows two competing reaction pathways on these surfaces. It can undergo 
non-selective total decomposition producing adsorbed S and C and desorbed Hz, 
or it can produce CHh through selective decomposition. As the Ni coverage is 
increased, the percentage of selective decomposition, as indicated by the relative 
amount of methane desorbed, increases. On the clean surface less than 40% of the 
adsorbed thiol produces methane. This percentage rises to cit. 70% on a surface 
with 1 ML of Ni, and to ca. 85% when 2 ML of Ni are preadsorbed. The CH4 
desorption temperature also drops from 370 K to 290 K to 210 K on 0, 1 and 2 ML 
Ni surfaces, respectively. 

S 2p and C 1s core level photoemission was used to identify reaction intermediates 
on the surface during decomposition and to determine the temperature at which 
C-S bond scission occurs. At all Ni coverages, two methyl thiolate species 
are observed in the S 2p spectra. These are assigned to thiolates in hollow 
bridge sites. The S 2p peak positions are about the same on 1 and 2 ML of Ni. The 
relative amount of CHsS adsorbed in the lower binding energy, bridge site is greater 
on 2 ML of Ni, however. The C 1s spectra indicate that no C-S bond scission occurs 
at 100 K on 0 and 1 ML of Ni. Ca. 10% of the CHsS decomposes at 100 K on 2 
ML of Ni producing a surface methyl group that later desorbs as methane. 

These results are consistent with what has been observed on many other clean 
metal surfaces. Specifically, multiple thiolate adsorption sites are common, C-S 
bond scission occurs at about the same temperature as methane desorption and, in 
general, a lower bond activation temperature promotes selective decomposition. A 
surprising result is that the CHsS S 2p peaks on the Ni films had a lower binding 
energy than CHsS on either W(OO1) or Ni 001). The S 2p peaks for atomic S on 
the Ni films had a binding energy that was 6 etween the values observed on W(OO1) 
and Ni 

d 
001). The low binding energy for the thiolates may be correlated with the 

lower -S bond scission temperature observed on the Ni films. 

Figure 2. Comparison of present results 
with two early theoretical predictions 

* Research supported by the Division of Chemical Sciences, Office of Basic Energy 
Sciences, U. S. Department of Energy under contract DE-AC05-960R22464 with Lockheed 
Martin Energy Research Corp. 
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Adsorption Site and Orientation of S and CH3S on Ni(ll1) by U13UA 
Photoelectron Diffraction * 

D. R. Mullins (Oak Ridge National Lab) 

Methanethiol (CHsSH) adsorbs as methylthiolate (CHsS) on Ni(lll) at 100 K. 
When the sample is heated to 250 K, some of the thiolate decomposes forming 
atomic S and some is transformed into a thiolate with a much lower S 2p binding 
energy. The difference between these two thiolates is not known for certain. Based 
on the relative binding energies, it was hypothesized that the CHsS formed at 100 
K adsorbed in a lower coordination binding site than the thiolate formed at 200 K. 
Angle resolved photoelectron diffraction experiments have been performed utilizing 
the S 2p photoemission from these two states in order to determine there adsorption 
sites and the orientation of the C-S bond. 

Atomic S is known to adsorb in the FCC Z-fold hollow site on Ni(ll1). The 
sample was mounted so that the Ni-S bond axis aligned along the emission drrection 
as the sample was rotated. The first panel shows the relative S 2p intensity at 
different emission angles for an electron emitted with a kinetic energy of 200 eV. 
The enhanced emission near 40 deg. is the result of backscattering from the Ni 
surface atom. The absence of enhanced emission at 0 deg. indicates that S is 
adsorbed in the FCC hollow with no second layer Ni atom beneath it. The S 2p 
angular dependence from CHsS formed at 100 K is shown in the second panel. The 
pattern is qualitatively similar to the angular dependence from atomic S, indicating 
that the CHsS is adsorbed in the FCC hollow site and that the C-S bond is not 
oriented normal to the surface. The S 2p angular dependence for CHsS formed at 
250 K is shown in the third panel. This result suggests that this thiolate is not 
adsorbed in the FCC site. Results at higher photoelectron kinetic energies indicate 
that the enhanced emission at 0 deg. is due to forward scattering along the C-S 
bond which is oriented normal to the surface. 

Emlsskm Angle (deg) 

Figure 1. 

* Research supported by the Division of Chemical Sciences, Office of Basic Energy 
Sciences, U. S. Department of Energy under contract DE-AC05-960R22464 with Lo&heed 
Martin Energy Research Corp. 

The Coadsorption of S and Ni on W(OO1) * 

D. R. Mullins and S. H. Overbury (Oak Ridge National Lab) 

U13UA 

The coadsorption of S and Ni on W(OO1) was studied using S 2p photoemission. 
Figure 1 shows an annealing set for 0.5 ML of Ni deposited at 100 K on 0.5 ML 
of S on W(OO1). The bottom spectrum is from S on clean W(OO1). At 100 K two 
new S 2p states appear with S 2ps/s binding energies of 161.55 and 162.00. When 
the sample is annealed to 500 K, the 161.55 eV state disappears and the 162.00 eV 
state increases in intensity. We Interpret the 161.55 eV state as interface S, residing 
either underneath or next to the adsorbed Ni. The 162.00 eV state results from S 
on top of the Ni film. When the sample is annealed to 1000 K , the signals from 
S on W(OO1) and S on the Ni film merge into a new, broader state with a S 2~91s 
bindin 
W(OO1 ‘I 

energy of 162.45 eV. This new state is attributed to S adsorbed on a Ni / 
surface alloy which is known to form near 750 K when the Ni coverage is 

less than 1 ML. 
Figure 2 shows S 2p spectra for various coverages of Ni deposited at 100 K on 

< 0.5ML of S on W(OO1) and then annealed to 1000 K. It can be seen that each 
coverage results in a distinct S 2p state. When the Ni coverage is 0.5 ML, the S 2p 
signal has a binding energy that is closest to the S 2p peak position on W(OO1). An 
unexpected result is that the S on 2 ML of Ni has a higher binding energy (closer to 
the position on W 001)) than S on 1 ML of Ni. At intermediate coverages, multiple 
states are observe 6 reflecting S adsorbed on patches of clean W, Ni/W ahoy, 1 ML 
of Ni and 2 ML of Ni. 

0.6 ML Ni I S I W(OO1) 

Figure 1. 

* Research supported by the Division of 
Chemical Sciences, Office of Basic Energy 
Sciences, U. S. Department of Energy under 
contract DE-AC05-840R21400 with Lock- 
heed Martin Energy Systems, Inc. 
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1 Spin-polarized Fe WV Auger spectra on- and off- La-resonance 1 Ul3UA 1 
z I- - - - I I 

B. Sinkovid, E. Shekel (NYU), and S. L. Hulbert (BNL) 

We report the first on-La-resonant (2~3,s + 3d’) spin-resolved Auger electron 
spectra (SPAES . By comparing the measured net spin polarization of Fe core- 
valence-valence 1 CVV) Auger electrons excited by on- and off-la-resonant photons 
with the calculated Fe valence band spin polarization, we address the question: to 
what extent are spin-dependent interactions, or exchange correlations, present in 
band-like ferromagnetic metals such as Fe. The main difference between on- and 
off-resonant CVV Auger processes is in the degree of spin polarization of the initial 
core hole, which for Fe is highly polarized on-resonance and nearly completely unpo- 
larized off-resonance. Correlation between this core hole and the valence electrons 
can be measured via the spin polarization of the outgoing CVV Auger electron. 
However, if correlation effects are not significant for Fe, the spin polarization will 
be equal to the polarization of the valence electrons Pva=0.27. 

The principal results of our SPAES experiments on Fe, taken using the NYU 
spin-resolving electron spectrometer, are shown in Figs. 1 and 2. Although the 
shapes of all four measured spectra in Fig.1 (symbols) agree with the calculated 
spectra (lines),the degree of spin polarization on-resonance (P,,=O.37, Fig.l(a 
significantly greater than Pvn, whereas the off-resonance value (P0ff=0.20, 4 is 

l(b 
a 

ig. 

fin 
) is significantly lower than PVB. These findings are consistent with the triplet 
-state Auger matrix element being significantly weaker than that of the singlet 

state (singlet/tripletz3/2). Th is, in turn, can be interpreted as being due to a 
Fermi hole, or a spin-spin electron correlation responsible for keeping equal spins 
further apart, effectively lowering the triplet Auger probability. 

We suggest that this is a general phenomenon, as depicted in Fig. 2: SPAES 
carries important information both on the spin polarization of the valence band and 
the relative strength of exchange correlation.In particular, SPAES demonstrates the 
importance of exchange correlation in itinerant Bd-metals such as Fe. 

Figure 1. 
Majority-spin A and minority-spin 

IL off-resonance e sMesM4s 
tron s 

P 
ectra 

Fe/Ag 
(hvi82OeV) from a 30A 

001) film, and the convolution of 
majority-spin (solid line) and minority- 
spin (dashed line) broadened (1.5eV) Fe 
density-of-states (DOS) with total Fe- 
DOS. (b) as in (a) except using on- 
resonant excitation (hv=707eV). The 
shaded region represents the direct Fe 
valence band photoemission. 

Figure 2. Calculated spin polariza- 
tion of the Fe CVV Auger transition 
as a function of Auger matrix element 
amplitude (strength of electron-electron 
exchange correlation, or singlet/triplet 
probability) and of initial core-hole 
spin polarization. The measured 
electron-energy-integrated spin polariza- 
tions of FeLsM4sMhs Auger spectra 
on-resonance (hv=707eV; l ) and off- 
resonance (hv=82OeV;o) are shown. 

Interferometry at X = 13nm Ul3UB 

J.Bjorkholm, B.LaFontaine, A.MacDowell, Z.Tan, D.Tennant, O.Wood II AT&T 
Bell Laboratories 

It is considered a requirement to characterize the imaging optics used in Extreme 
Ultraviolet Lithography (EUVL) with the light that they image. Therefore there 
is a requirement to develop interferometry techniques that operate at 13nm wave- 
length. We have built an ‘At Wavelength’ interferometer on Ul3UB to develop 
such technology. We have carried out the initial measurements that demonstrate 
that this interferometer is able to characterize the wavefront phase to an accuracy 
of 0.02waves rms. at a wavelength of 13nm. This was achieved by analyzing the 
spherical wavefront generated by illuminating a pinhole (diameter = 2.5 micron). 
The light that passes through the pinhole undergoes diffraction and yields a char- 
acteristic Airy pattern on an area CCD detector placed after the pinhole. This 
spherical wavefront acts a source that can then be used to test whether the inter- 
ferometry works. The interferometry technique used is shearing interferometry (1) 
where the wavefront is diffracted from a grating and the zero and first orders are 
allowed to interfere. In this way the wavefront acts as a reference to itself. 

The experimental setup consists of a grating placed about 4 mm beyond the 
pinhole and the transmitted light is collected by a CCD. Figure 1 shows the in- 
terference pattern formed on the CCD. The light is diffracted in the vertical plane 
and the image shows the overlap of zero, $1 and -1 orders. The horizontal bars 
are the interference patterns. The mode of data collection is the phase shifting 
interferometric technique (2) whereby the grating is shifted a/4 of a period and 
an interferogram recorded for each grating position. We have developed the code 
that allows us to analyze these interferograms. By analyzing interferograms from 
orthogonal gratings and stitching the results together a 3D map of the phase of the 
wavefront can be generated. Figure 2 shows such a plot of the wavefront. It shows 
the wavefront phase where the spherical wavefront is cut by the grating positioned 
after the pinhole. The shape is expected to be a parabola (i.e. defocus - the ‘focus’ 
for a pinhole optic is at the pinhole) and the analysis code yields a departure from 
pure defocus behavior by 0.02 waves rms over the full surface. Such a sensitivity is 
adequate to characterize the wavefront of an EUVL camera. 

1. “Optical Shop Testing”. Chapter 4. M.V.Mantravadi, Wiley Interscience Pub. 
(1992) D.Malacara ed). 

2. “Optical Shop I, esting”. Chapter 14. J.E.Greivenkamp, J.H.Brunning, Wiley 
Interscience Pub. (1992), D.Malacara (ed) 

Figure 1. EUV Shearing Interferograms 
of a spherical wavefront for 5 different 
positions of the shearing grating. 

Figure 2. 3D map of the measured phase 
of the spherical wavefront. 



Chemistry Induced by Atomic-Site Selective Excitation in the Con- u15 
densed Phase I I 

S. Sambasivan, 3. Glatthaar, 3. Eckwert, S.L. Anderson, and D.M. Hanson Dept. 
of Chemistry, SUNY at Stony Brook 

By using monochromatic soft x-rays it is possible to excite or ionize core electrons 
in molecules selectively. The atomic site of the core hole and the electronic config- 
uration of the core hole final state can be selected by tuning the photon energy to 
various bound state resonances or into the ionization continuum. 

The consequences of such excitation for various molecules (e.g. nitrous oxide, 
\ acetone, benzaldehyde, cyanobenzene, cyanobenzaldehyde) in different cryogenic 

matrix environments are being elucidated. A deuterium matrix at 4.5 K is used 
to minimize ionization of the host material, and Fourier transform infrared spec- 
troscopy is used to monitor the chemical reactions. 

For example, nitrous oxide deposited in a matrix at 4.5 K at a concentration 
of 0.5% is irradiated with soft x-rays (380 eV> b e ow 1 the nitrogen Is-ionization 
threshold, at the nitrogen and oxygen Is-ionizatron edges (405 and 535 eV), and in 
the nitrogen and oxygen Is-ionization continua (425 and 560 eV). In a deuterium 
matrix the dominant reaction products formed at all photon energies are DzO, 
DOa”, and OD. In a neon matrix various nitrogen oxides (NO, NOz, NzOs, NzOs-, 
NOz, and NOs’) are formed with N202-, N203, and NO2 being formed only at the 
ionization edges. No photoproducts appear in the infrared spectra with irradiation 
at 380 eV, which is below the threshold for core electron excitation. This result 
indicates that the chemistry results from core electron excitation and not from 
valence ionization of either the guest or the matrix molecules. 

Measurements of quantum yield, *the concentration dependence, and the effects 
of deposition and annealing condrtrons are being used to detemine the reaction 
mechanisms that produce these products. 
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Figure 1. Difference Infrared Spectra of N20 in Deuterium, Neon and Argon ma- 

E 
trices irradiated with Soft X-rays and Electron Beam. 
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X-ray Absorption Near Edge Structure (XANES) of poly(ethylene XIA 
terephthalate) (PET) and polyarylate (PAR) 

H. Ade, A. P. Smith, V. Zhuang (NCSU), D.-J. Liu, J. Marty, A. Monisera, and J. 
Chung (Allied Signal) 

We have acquired high resolution XANES spectra of poly(ethylene terephthalate) 
(PET) and polyarylate (PAR) which will serve the following dual purpose: (i) they 
will allow us to better understand the spectroscopy of relatively complex polymers 
by revealing subtleties of the XANES due to the higher energy resolution achieved, 

I 
ii) they will serve as model spectra for comparison with spectra to be acquired 
rom PET/PAR blends. In the latter study the objective will be to determine the 

respective partial dissolution of these polymers in phase separated polymer blends 
composed of the two polymers as a function of blend composition. The fitted spectra 
are shown in Figure 1, while the chemical structure is displayed in Figure 2. We are 
in the process to assign all spectral features needed to provide the best fit. Several 
of the low intensity features have not been seen previously. Unfortuneately, data 
acquired from other reference samples shows that there is a preferential orientation 
in these samples and hence some polarization dependence. This will complicate a 
fully quantitative analysis of the dissolution in blends of these polymers, but will 
not affect the spectroscopic assignment. 

1. Work supported in part by NSF Young Investigator Award, DMR-9458060 
(HA). We thank H. Chapman for his help during some of the data acquistion. 

PET Absorption Spectra PAR Absorption Spectra 

Figure 1. XANES spectra of PET and PAR 2.5 

PET PAR 

Figure 2. Chemical structures of PET and PAR 

X-ray Absorption Near Edge Structure (XANES) of polyethylene XIA 
(PE) and polypropylene (PP). 

H. Ade, V. Zhuang, A. P. Smith (NCSU), and P. Schmitz (Ford Motor Co) 

Polyolefine polymers and polymer blends are extensively utilized in the automo- 
tive industry. We are in particular interested in characterizing the morphology of PP 
and PP-co-PE polymer blends in the bulk and near surfaces in order to understand 
its effect on paint adhesion. We have thus acquired XANES spectra of polyethylene 
(PE) and polypropylene 

1. 
PP) with the Xl-STXM. Since both polymers are aliphatic 

and contain predominant y saturated bonds the expected differences are very small. 
Only the relative ratio of CC and C-H bonds should be slightly different in these 
materials. The XANES spectra as acquired with the Xl-STXM are shown in Figure 
1. PE has clearly a double peak near 288 eV, and additional structure above 290 
eV, while the respective regions in PP are much more rounded and smooth. We are 
not aware of any work in which the double peak feature in PE has been b o served 
previously . 
and shoul d 

These spectra were acquired from an area about 30 microns square 
therefore represent an average of micro-crystalline regions in the PE. 

Nevertheless, the PE spectrum might exhibit some polarization dependence related 
to preferential orientation of the material due to sectioning rather than be repre- 
sentative of an isotropic material. The spectral features near 285 eV are only partly 
due to imperfect I-zero normalization which is confined to this energy range. It also 
reflects a low concentration of double bonds in these materials, possibly caused by 
radiation damage. The spectral differences observed make us hopeful to be able to 
study the polymer blends of interest with the Xl-STXM. 

1. Work supported in part by NSF Young Investigator Award, DMR-9458060 
(HA). We are grateful to R. Spontak for sectioning these materials. 
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Figure 1. XANES spectra of PE and PP 



4d 
iz CARBON IMAGING AND CARBON-XANES MEASUREMENTS XIA 

ON AN INTERPLANETARY DUST PARTICLE. 
Sass Bajt (U. of Chicago), Henry N. Chapman (SUNY at Stony Brook), George 

J. Flynn (SUNY at Plattsburgh), and Lindsay P. Keller (MVA Inc.). 

The nature and distribution of carbon in interplanetary dust particles (IDPs) are 
important because IDP carbon has been proposed as a major source of pre-biotic 
organic material on the early Earth (1) and may have been equally important on 
the surface of early Mars (2). Both the abundance and the types of carbon in IDPs 
have exobiology implications. 

An N 12 pm chondritic-porous IDP L2008F4) was embedded in sulfur and mi- 
6 crotomed into thin sections, N 80 nm t ick. The sections were analysed using the 

scanning transmission x-ray microscope (STXM) at beam-line XlA. High resolution 
images of an IDP section were taken at energies above and below the carbon K-edge. 
By taking differences in the logarithm of the intensity at each pixel, images of the 
carbon density were obtained. The C-mapping indicated that the section contains 
an estimated 34 vol. % of carbon. 

The bonding state of carbon can be inferred from the x-ray absorption near-edge 
structure (XANES). Carbon-XANES spectra, shown in Fig. 1, were obtained at 
four locations on the IDP section, identified as having high carbon concentrations. 
In most areas the spectra showed three pre-edge resonances, although one region 
showed no peaks. The three peaks are rr* resonances due to carbon double or triple 
bonds. At least two distinct chases of carbon were identified. 

1 II . E. Anders, Nature 34i, 255 (1989 
2 . G. J. Flynn, Lunar Planet. Sci. 
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Figure 1. Carbon XANES spectra of four regions on a ultratomed section of an 
IDP. The spectra have been vertically displaced for clarity. 

Phase-retrieval x-ray microscopy via Wigner-distribution deconvolu- XIA 
. . 

1 tion. 

Henry N. Chapman (SUNY at Stony Brook) 

The microdiffraction plane of a scanning transmission x-ray microscope (STXM) 
contains a mixture of diffraction and holographic information, By collecting a mi- 
crodiffraction pattern at each point in a scan of a specimen it is possible to phase 
the patterns, as has been described by Rodenburg and Bates 1). It has been shown 
that the complete data set (which is equivalently the set o i! all coherent dark- or 
bright-field images collected as a function of detection position is the convolution 
of the Wigner distribution function (WDF) of the specimen wit h that of the probe- 
forming lens. This is the first demonstration of the method using x rays. 

Experiments have been carried out at XlA, using the CCD-STXM as previously 
described (2). The data presented here were recorded at a wavelength of 3.2 nm, 
using a zone-plate that has a numerical aperture of 0.036 at this wavelength. 

A microdiffraction data set from a sample consisting of 0.5-pm latex spheres was 
collected. The incoherent bright-field image and retrieved phase image are shown 
in Fig. 1, where (a) represents the incoherent bright-field, measuring the intensity 
transmission of the specimen and (b) h s ows retrieved phase image, displayed with 
black = -2.1 rat, white = 0.7 rad. Scalebar is 1.0 micron. Another data set of a sigle 
latex sphere was also collected and deconvolved, and a line from the resulting phase 
image is plotted in Fig. 2. The theoretical phase is also plotted on this graph. As can 
be seen, the phase measurement agrees quantitatively with theory. The estimated 
errors of the measurements are 0.1 radian in phase and 4% in amplitude. However, 
further analysis has shown that greater accuracy can be achieved (an error of 0.03 
radian in phase) by utilising a greater proportion of the vastly overdetermined 
data set. The result is that the phase of the zone-plate pupil is also determined. 
Hence the method offers a highly accurate way of measuring x-ray optical constants, 
gives quantitative microscopic images, and can be used as a very sensitive way to 
characterise x-ray optics. 

(1 . J. M. Rodenburg and R. H. T. Bates, Phil. Trans. R. Sot. Lond. A 339, 
521 1992). 

1 (2 . H. N. Chapman, C. Jacobsen, & S. Williams, Rev. Sci. Instr. 66, 1332 
(1995). 

Supported by the NSF (Grant No. BIR-9419674) and the DOE (Grant No. DE- 
FG02-89ER60858). 
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Figure 2. Plot from an image of the re- 
trieved phase of the complex transmis- 
sion of a single latex sphere. Also shown 
is the theoretical phase retardation. 



DARK-FIELD X-RAY MICROSCOPY OF IMMUNO-GOLD- XIA 
LABELLED CELLS. I I 
Henry N. Chapman, Chris Jacobsen, and Jenny Fu (SUNY at Stony Brook) 

The methods of immuno-labelling make visible the presence of specific antigens, 
proteins, genetic sequences, or functions of a cell. With visible-light microscopy, 
such as confocal fluorescence microscopy, labelled whole cells can be examined at a 
resolution approaching 0.25 pm, whereas electron microscopes can image labelled 
thin section at much higher resolution. X-ray microscopy bridges the gap between 
light microscopy and electron microscopy, in that cells can be viewed at resolutions 
about five times better than the best confocal light microscopes! free of artifacts 
due to sectioning or dehydration. In x-ray microscopy, dark-field Imaging has been 
shown to be an ideal way of imaging colloidal gold (I). The dense, sub-resolution, 
colloidal gold particles scatter strongly and can be detected with high contrast in 
the dark-field mode. Colloidal gold is a common label used in electron microscopy. 
Thus, the huge literature of well-documented labelling protocols can be applied 
directly to x-ray microscopy. 

Images of immunogold-labelled fibroblasts are shown in Fi . 
has also been examined in a transmission electron microscope 7 

1. This sample 
TEM).Comparison 

of the STXM and TEM images shows that the DF image is almost entirely due 
to scattering from the labels whereas the BF image shows contrast mainly due 
to the absorption by the carbon of the cell. The apparent diameter of a labelled 
microtubule in both the STXM DF and TEM images is about 60 nm, and labels 
separated by 70 nm can be easily resolved. 

I; 
1) H. N. Chapman, C. Jacobsen, S. Williams, and J. Fu, Ultramicros. (accepted . 
upported by the NSF (Grant No. BIR-941957) and the DOE (Grant No. D 4 - 

FG02-89ER60858). 

Figure 1. (A 
1 

STXM dark-field image, and (B) STXM bright-field image, of a 
fibroblastlabel ed with silver-enhanced lo-nm immunogold, attached to the micro- 
tubulesof the cell. The bright-field image is a map of the absorption, due mostly 

Fd 
tocarbon, whereas the dark-field image is a map of the scattering, primarily from 

6: 
the label. The cell was prepared by K. Hedberg, University of Oregon. 

Inner Shell Spectroscopy and Imaging of a Subbituminous Coal 1 XlA 

G.D.Cody, R.E.Botto (ANL), H.Ade (NCSU), S. Behal, M.Disko (Exxon) and 
S.Wirick (SUNYSB) 

Inner-shell microspectrosopy has been used to provide in-situ microanalysis of or- 
ganic and inorganic constituents within Wyodak subbituminous coal (APCS No.2). 
Two specimens were prepared, one loaded with Cazt and the other rinsed in HCL. 
Carbon NEXAFS spectroscopy was used to determine the chemical structure of 
liptinitic and huminitic macerals. Liptinite was characterised by an abundance of 
alphatic carbon, evident by the intensity of absorption assigned to the transition 
from carbon’s 1s orbitial to a mixed valence/Ryberg state; a low concentration of 
aromatic carbon, evident by low-intensity absorption associated with a Is- a * tran- 
sition; and an appreciable quantity of carboxylic functionality, evident through a 
relatively intense absorption associated with a Is- x * transition due to C=O. The 
huminite exhibits fine structure indicative of an abundance of both aromatic and 
aliphatic carbon. The presence of polyhydroxylated aromatic carbon and carbonyl 
associated with carboxylic acids is also clearly indicated. In addition to carbona- 
ceous heterogeneities, chlorine-rich inclusions were also identified. These were ob- 
served to strongly absorb in the energy range near 2i’OeV corresponding to Cl’s 2s 
absorption edge. The inclusions are anticipated to be inorganic chlorides, precipi- 
tates which formed following the rinse in dilute HCL. Imaging and spectroscopy on 
the calcium’s 2p absorption edge reveals that the chloride’s cation is not calcium, 
although calcium is detected in the huminite of the Cazt loaded coal. 

C-NEXAFS: Organic Matrix (Vitrinite) 

r--- 

Figure 1. C-NEXAFS spectrum of humi- 
nite. Intense bands associated with aro- 
matic, hydroxylated aromatic carbon, 
and aliphatic carbon are clearly evident. 

C-NEXAFS: Resinlte Inclusion 
1 , 

Figure 2. C-NEXAFS spectrum of 
liptinite. Note the minimal intensity 
of the Is- r * absorption band near 
285.5eV and the very intense mixed 
valence/Rydberg absorption band near 
288eV. 



The Application of Soft X-Ray Microscopy to the In-Situ Analysis 

1 Sediments 
I I of Sporopollenin/Sporinite in a Rank Variable Suite of Organic Rich XlA 

I 
G. D. Cody, R. E. Botto (ANL), H. Ade (NCSU), S. Wirick (SUNYSB) 

Soft X-Ray imaging and carbon near edge absorption fine structure spectroscopy 
( C-NEXAFS ) h ss b een used for the in-situ analysis of sporinite in a rank variable 
suite of organic rich sediments extending from recent up to high volatile A bitumi- 
nous coal. The acquisition of chemically. based images ( contrast based on the ls- 
?r * transition of unsaturated carbon ), reveals a homogeneous chemical structure 
in the spore exine. C-NEXAFS microanalysis indicates chemical structural evo- 
lution in sporopollenin/sporinite with increased maturation. The most significant 
change in the C-NEXAFS spectrum is an increase in unsaturated carbon, presum- 
ably aromatic, with rank. The rate of Uaromatization” in sporinite exceeds that 
of the surrounding vitrinite. Increases in the concentration of unsaturated carbon 
are compensated by losses of alphatic and hydroxylated aliphatic carbon compo- 
nents. Carboxyl groups are present in low and variable concentrations. Absorption 
due to carboxyl persists in the most mature specimen in this series, a high volatile 
A rank coal, The reactions which drive sporopollenin chemical structural evolu- 
tion during diagensis presumably involve dehydration, Diels-Adler cycle-addition, 
and dehydrogenation reactions which ultimately lead to a progressively aromatized 
bio/geopolymer. 

C-NEXAFS: Sporoaollti 

Is-3plo* 
Isin' / 

Figure 1. The C-NEXAFS spectra of sporinite/sporopollenin from samples A-F. 
With increasing maturity in the coal samples there is an increase in the intensity of 
IS- z * near 285eV indicating either an increase in aromatic or olefinic carbon. 

Miscibility of poly(ethylene terephthalate) (PET) and polyarylate XIA 
(PAR) in PET/PAR polymer blends. 

D.-J. Liu, S.-C. Lui (Allied Signal), V. Zhuang, H. Ade (NCSU), A. Monisera, J. 
Marty, and J. Chung (Allied Signal) 

We have acquired images and oint spectra from PET PAR polymer blends 
with different overall compositions PET/PAR 75/25, PET/ P 1 AR 63/37, PET/PAR 
50/50). The morphologies of the PET/PAR 75/25 and PET/PAR 50/50 polymer 
blends are shown in Figure 1. In general, the domains become smaller as the 
PAR concentration is rising. This suggests that mixing gets facilitated and the two 
polymers become more miscible at the larger PAR concentrations. Point spectra 
acquired from the respective phases when compared to model spectra of PET and 
PAR’ indicates directly that the PAR gets progressively dissolved in the PET and 
PAR concentration increases. A careful analysis of the data should allow us to 
provide a quantitative description as a function of blend composition. This kind of 
measurement and problem can be uniquely addressed with the Xl-STXM, since soft 
x-ray XANES microscopy can provide the chemical sensitivity and spatial resolution 
necessary to make observations that go beyond merely mapping of morphology of 
these blends. 

1. H. Ade, A. P. Smith, V. Zhuang, D.-J. Liu, S.-C. Lui et al., this activity 
report. 

2. HA acknowledges 
9458060). 

support from NSF (NSF Young Investigator Award, DMR- 

Figure 1. X-ray micrographs at a photon 
(left) and PET/PAR 50/50 (right). 

energy of 285.3 eV of PET/PAR 75/25 



Morphologies of Ternary Polymer blends studied with X-ray Mi- 
croscopy XlA 

D.-J. Liu, S.-C. Lui (Allied Signal), V. Zhuang, H. Ade (NCSU), A. Monisera, J. 
Marty, and J. Chung (Allied Signal) 

X-ray Absorption Near Edge Structure (XANES) microscopy provides direct 
compositional information at relatively high spatial resolution’. It might there- 
fore be an invaluable tool to characterize multi-component system, such as ternary 
polymer blends. Traditionally, conventional microscopies, particular electron mi- 
croscopy in conjunction with staining methods, are used for the characterization of 
these materials. Many systems of interest contain however components that have 
very similar absorption rates for staining agents. It is then impossible to delineate 
these components. Furthermore, there is also always the danger of inducing artifacts 
associated with the staining process. We have thus started to investigate a variety 
of multi-component elastic polymer blends with the Xl-STXM. As an example, we 
show the morphology of a blend of poly ethylene 
sity polyethylene, LDPE, and Maleated li 

terephthalate), PET, low den- 
raton as acquired with the Xl-STXM in 

Figure 1. Of particular interest is the distribution of the Kraton, a rubbery compo- 
nent, and more specifically whether the Kraton is also located at the PET/LDPE 
interface. Careful inspection of the micrographs in Figure 1 clearly suggest that 
indeed the Kraton has a preference to be also distributed at the PET LDPE in- 
terface, rather than just inside the LDPE domains. The features in the i ower right 
hand corner make this particularly obvious: dark domains are touching each other 

6 
Kraton around the LPDE domain in Figure lA, while by comparison the LDPE 
omains are sharply delineated an cl separated in Figure 1B. The interpretation of 

electron micrographs of stained samples of this material yielded ambiguous results 
concerning the distribution of Kraton. 

1. H. Ade et al., Science 258, (1992) 972. 
2. HA acknowledges support though a NSF Young Investigator Award (DMR- 

9458060). 

Figure 1. Left: Micrograph acquired at 299 eV. Both LDPE and Kration appear 

5I’ 
relatively dark. Right: Micrograph acquired near 285 eV. LDPE is very transparent 

e 
and appears bright. 

Development of a Cryo Scanning X-Ray Microscope. 1 XIA 
J. Maser, C. Jacobsen, A. Kalinovsky, J. Kirz, A. Osanna, S. Wang (SUNY at 

Stony Brook) 

Imaging of biological objects in x-ray microscopes is limited by radiation damage 
to the sample. This limits the spa&l resolution obtainable from these samples and 
the number of images that can be taken tram a specific sample area. The latter 
is important for spectrally resolved imaging and 8D reconstruction. Cryo electron 
microscopy has shown improved structural stability of frozen hydrated samples. To 
take advantage of this, we are currently developing a cryo-scanning transmission 
x-ray microscope (cryo-STXM) which is designed to image frozen hydrated objects 
at a temperature of below -160’ C. In order to allow us reconstruction of a 8D 
image of an object, cryo-STXM is designed to allow tilting of the sample in excess of 
+/ - 60’. Unlike existing x-ray microscopes, the cryo-STXM is designed to be run 
at a vacuum of M 10-s torr. This should all ow good thermal insulation of the cold 
sample from the environment, help to reduce thermal drifts, and lead to acceptably 
low contamination rates. Also, the absorption of x-rays in air is avoided. 

This eliminates image noise due to variations of x-ray absorption in ambient 
helium and should make it possible to use the full spectral range of the water window 
for imaging, i.e. wavelength between 2.4 nm and 4.5 nm. Most notably, spectral 
scans with wavelengths around the nitrogen absorption-edge - at a wavelength of 
8.1 nm - should be possible. A first test of the mechanical motions and the detector 
of cryo-STXM have been performed at Xl. Full cryo operation is about to start. 

vacuum chamber 

B) piezo driven 
Flexure stage for 
high resolution 

/ sample position , 

Cl stepping-motor 
driven linear stage _ 
for large field 

holder 

anticontaminator 

Figure 1. Setup of cryo-STXM. The x-ray beam is perpendicular to the paper 
plane. The sample is held in the cryo holder (A). An airlock aUow5 change of sample 
wrthout breaking the vacuum. A stepping-motor driven coarse scanning stage(C) 
15 used for changing between different sample areas, and to switch to an alignment 
pinhole and a resolution test pattern. High resolution scans of smallsample areas 
are performed by a piezo-driven flexure stage (B). 



Structured Latex Particles Characterized by Scanning Transmission 
X-Ray Microscopy 

Gary Mitchell, Mike Cheatham, Yohannes Chonde, Joan Marshall (The Dow Chem- 
ical Company), Harald Ade, and Vera Zhuang (NCSU) 

Scanning transmission x-ray microscopy (STXM) at XlA is proving to be a valu- 
able means of characterizing the chemical phase distribution of structured latexes. 
These materials are made by sequentially adding different monomers to the emulsion 
during the polymerization reaction [l]. The structured latexes may have a gradient 
or a layered structure or consist of random domains of different chemistry. Figure 1 
shows STXM micrographs of thin sections of hollow latex balls made from styrene 
and acrylate monomers. One can determine the spatial distribution of phases by 
obtaining images at different, carefully selected photon energies and comparing the 
resultant images as shown in Figure 1. Polystyrene has an intense absorption peak 
at 285.5 eV and finite, non-zero absorption intensity at 286.0 eV, whereas aliphatic 
acrylates have their first absorption peak near 288.0 eV and essentially no absorp- 
tion at 286.0 eV [2]. The micrographs suggest that the central spot in the particles 
consists of the acrylic phase and not the styrene containing phase. 

References: 
1. J. Vanderhoff. J. Park and S. El-aasser. in “Polvmer Latexes”. ACS Svmno- ” ^ 

sium Series 492, Ii 1992 d 272. 
2. J. Stohr, ” EA FS Spectroscopy”, Springer Verlag, New York, 1992 p. 208 

and 230. 

Figure 1. Scanning transmission x-ray micrographs of hollow latexes obtained at 
x-ray energies of 288.4 eV on the left and 286.0 eV for the image on the right. Each 
image is 7.5 m wide x 7.6 m high. 

Interferential differential phase contrast on XlA STXM 

F. Polack (LURE, Orsay, France), D. Joyeux (IOTA, Orsay, France) 

( XlA 

Scanning transmission X-ray microscopes (STXM) normally provide pure ab- 
sorption images. There is however a growing interest for phase microscopy, mainly 
for its expected ability to reduce the damages from energy absorption. We have 
set-up an experiment on the XlA STXM, in order to produce a differential phase 
contrast. It consists in illuminating the sample with two, mutually coherent close 
spots, instead of one. They produce in the objective and detector planes, a pattern 
of several fringes the position of which is sensitive to object phase gradients or steps 
as shown on figure 1. If the detector is shaped in order to detect the flank of one 
fringe, the set-up is able to detect 

Young slits, with aspect ratio 1 1, are used to produce 2 spots separated by one P 
hase steps between the spots or phase slopes. 

diffraction radius (0.05 pm). The observed fringe profile is close to the theoretical 
Since(x) modulated cosine profile and the measured 0.8 contrast of the central fringe 
is in good agreement with the value estimated from beam-line data. In a preliminary 
experiment (94), images of polyimide slabs, 1.1 pm thick, w.5 pm wide, N.9 pm 
spacing were made with and without the phase sensitive detection. Figure 2 shows 
an average of such image profiles over 90 lines. Due to the strong absorption of the 
object, the phase effect consist in the small overshoot visible on side b. 

In an attempt to visualize pure phase contrast at the wavelengths available with 
XlA STXM, an object made of polystyrene beads in water was chosen this year. 
Unfortunately, despite the injection of a large helium flow into the microscope, the 
absorption of the residual oxygen near K edge was 50 large that no image could be 
detected. Nevertheless, a new two-element solid state detector for the fringe shift 
detection, was successfully tested. 

Figure 2. Signal profiles of STXM im- 
ages of polyimide slabs, 1.1 Lcm thick, 

m part of a polyimide zone plate (courl 
tesy G. Schmahl, Goettingen) : a) en- 

Figure 1. Fringe shift observed in the 
ergy transmission (without phase sensi- 

detector plane as a phase step was moved 
tive detection), b) energy and phase sig- 
nal with phase sensitive detection. Pro- 

through the double focal spot. files are averaged on 90 image lines. 



Semi-Quantitative Determination of the Lateral Orientation in Kevlar 
Fibers using X-ray Linear Dichroism Microscopy XlA 

A. P. Smith, H. Ade (NCSU), B. H siao and S. Subramoney (DuPont Inc.) 

We have obtained the first semi-quantitative determination of the relative lateral 
orientation of various poly(p-phenylene terephthalamide) Kevlar fiber grades using 
the technique of x-ray linear dichroism microscopy. Micrographs of thin sections 
(45 degree with respect to the fiber axis) of these technologically important, high 
crystsllinity fibers exhibit a “butterfly” pattern when imaged a photon energies 
specific to certain chemical functionahties’ . This pattern is reflecting the average 
lateral orientation of these groups and shows, for example, that the average pheny- 
lene ring planes and carbonyl groups are pointing radially outwards. The observed 
intensity changes of this pattern reflects the relative degree of orientation between 
the different fiber grades and correlates with the relative crystallinity of these fibers, 
even though these parameters are not related (Kevlar 149 is largest and Kevlar 29 
is 5m5Jle5t.2) 

In order to quantify the lateral orientation, carbon K-edge absorption spectra 
were acquired from several polar angles within the fiber. The photon absorbence is 
a function of polar angle due to the radial symmetry of the fibers. The differences 
in the spectra are ascertained by least squares fitting the spectra to extract peak 
intensities of the various functional groups. A “molecular orientation parameter” is 
defined for use here as the difference of the absorbence in the vertical and horizontal 
locations divided by their sum. Using this measure, we have found values of 0.20 
for Kevlar 149, 0.12 for Kevlar 49, and 0.09 for Kevlar 29 for the spectral peak 
dominated by the carbonyl functionality. After correcting for imperfect linear po- 
larization and the geometry during data acquisition and the unit cell, these numbers 
will reflect the degree of lateral orientation within the fibers. By considering the 
orientation 
suming the 1001 direction of micro-crystallites to be radially outward, we find that P 

arameter values for the inequivalent phenylene rings in Kevlar and as- 

the angles between these phenylene rings and the chain backbone are inconsistent 
with those previously reported. s We conclude that either the [loo] direction is not 
radially outward, or the angle of specific functional groups in the unit cell are dif- 
ferent from those previously determined. Additional data, particularly 0-XANES, 
and a refined analysis will allow us to make this determination. 

1. H. Ade and B. Hsiao. Science 262, (1993) 1427. 
2. H. H. Yang. 

York, 1989.) 
Aromatic High Strength Fibers (Wiley-Interscience Pub., New 

3. M. G. Northolt, Euro. Polym. J. 10, (1974) 299. 
4. HA is supported by an NSF Young Investigator Award, DMR-9458060, and a 

DuPont Young Professor Grant. 

Micro-chemical Characterization of Methylene Diphenyl Diisocyanate 
(MDI) based Polyurethane Foams using X-ray Microscopy XlA 

A. P. Smith, H. Ade (NCSU) and E. Rightor (Dow Chemical) 

We have utilized XANES microscopy to semi-quantitatively determine the chem- 
ical composition of a complex chemical system, a methylene diphenyl diisocyanate 
(MDI) based polyurethane foam.” The, formation chemistry of these foams is com- 
plex and precipitates form during synthesis which alter the physical properties of 
the material. In order to devise rational strategies to prevent the formation of these 
precipitates, knowledge about the composition of the system is required. Conven- 
tional means have failed to fully obtain this information in a quantitative manner’ 
although the three main constituents of the system are known to be an ethylene 
based polyol, a urea functionality and a urethane functionality’. 

We have acquired carbon K-edge absorption spectra from several different pre- 
cipitates and the surrounding matrix. Two of these spectra are shown in Figure 
1 and the differences between the matrix and precipitate are clearly evident. By 
simulating these spectra with absorption spectra of small molecules with similar 
chemistry3, an estimate of the chemical composition may be obtained. Utilizing 
diisopropyl ether, phenyl urea and phenyl urethane as model compounds, this pro- 
cedure estimates the composition of the matrix to be on average 39% polyol, 24% 
urethane and 37% urea while the precipitates are composed of on average 20% 
polyol, 52% urethane and 28% urea functionality. 

1. S. G. Urquhart et al., J. Polym. Sci. B.: Polym. Phys. 33 (1995) 1592. 
2. G. Woods, Flexible Polyurethane Foams 
3. S. G. Urquhart et al., J. Polm. Sci. B.: Is 

Allied Science Publishers, NJ, 1982) 
olym. Phys. 33 (1995) 1603. 

4. HA acknowledges support through an NSF Young Investigator Award, DMR- 
9458060, and by the Dow Chemical Company. 
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Figure 1. Absorption spectra of the precipitates and matrix in an MD1 based 
polyurethane foam. 



) XANES Spectroscopy of Polyurethane Model Polymersers IXlAl 
A. P. Smith, H. Ade (NCSU), and E. Bightor (Dow Chemical) 

Previous urethane foam characterization, particularly of mechanically detremen- 
tal small precipitates, utilized electron energy loss spectroscopy (EELS) and x-ray 
absorption near edge structure spectroscopy”‘. The interpretation of 
the acquired data is facilitated y the use of spectra from model polymers and 
molecular analogues. Due to the intrinsically lower radiation damage and better 
energy resolution achievable with XANES as compared to EELS, we have acquired 
spectra of several model polymers of significantly higher quality than previously 
achieved, thus aiding greatly in data interpretation. Four polymers have been stud- 
ied, each representing a different aspect of methylene diphenyl diisocyanate (MDI) 
polyurethane foam chemistry3 : (i) polyurea, a model for urea functionalities, (ii) 
BM, a model of the ‘hard’ urethane segments, (iii) BO, predominantly a long chain 

P 
olyether linked by urethane functionalities which models the polyol functionalities, 
iv) B2, a combination of BM and BO serving as a model of the MD1 foam itself. 

1. S. G. Urquhart et al., J. Polymers. Sci, B.: Polymers. Phys. 33 (1995) 1592. 
2. A. P. Smith, H. Ade and E. Rightor. ‘Micro-chemical Characterization of . ..). 

this activity report. 
3. C. P. Christenson et al., J. Polymers. Sci, B.: Polym. Phys. 24 (1986) 1401. 
4. HA acknowledges support from NSF (NSF Young Investigator Award, DRM- 

9458060) and the Dow Chemical Company. 

Figure 1. XANES Absorption spectra of four polyurethane model polymers. 

High resolution Fresnel zone plates for scanning x-ray microscopy 1 XlA 

S. Spector, C. Jacobsen (SUNYSB), and D. Tennant (AT&T) 

We have fabricated high resolution Fresnel zone plates for use in the Scanning 
Transmission X-ray Microscope (STXM) at XlA. A Fresnel zone plate is the prin- 
ciple focusing optic in the STXM and usually determines the spatial resolution that 
can be achieved by the microscope. A Fresnel zone plate consists of a series of 
concentric rings or zones and its resolution is approximately equal to the outer zone 
width. We have fabricated zone plates with outer zone widths as small as 30 nm, 
and preliminary results indicate improved resolution compared to the 45 nm zone 
plates used previously. The efficiency of the new zone plates is 4.3% at 3.1 nm; 
this is less than the theoretical efficiency of 10.5%, but it is still high enough for 
practical use in the STXM. 

The zone plates have been fabricated in up to 180 nm of Ge using a trilayer 
technique similar to one described previously [l]. The pattern is written using a 
JEOL JBX-6000FS e-beam lithography system. This machine can deliver 100 pA 
into a 5 nm spot, but it is not optimized for circular structures. We believe some of 
the loss in efficiency in our zone plates is due to variations in the line width caused 
by the current method of drawing circular structures. We are working to improve 
the method used to draw circular structures by modification of the manufacturer’s 
software. 

[l] D. Tennant, et al, J. Vat. Sci. Technol. B 8, 1970 (1990). 

Figure 1. Scanning electron micrograph 
of the 30 nm outer zones of the zone 
plate. 

Figure 2. High resolution x-ray trans- 
mission image of a test pattern taken in 
the STXM at XlA.The image was made 
using a zone plate with a 30 nm outer 
zone width. 



Autoionization into the Is-’ continuum following excitation of doubly 
excited neutral states in CO and Nz 

XIB 

B. Kempgens, H.M. Kappe, A. Kivimiiki, M. Neeb and A.M. Bradshaw (Fritz- 
Haber-Institut der Max-Planck-Gesellschaft, Berlin) 

A strong energy dependence of the vibrational fine structure on the C 1s and N 
1s main photoelectron lines has been observed for CO and Na at excitation energies 
4-7 eV above the core ionization threshold. The branching ratio of the individual 
vibrational components changes markedly and higher vibrational quanta are excited 
compared to spectra measured at a few eV higher photon energy. This behaviour 
suggests that the Is-’ state is not reached by direct photoionization but via an 
intermediate state. Indeed, for both molecules doubly excited 2h2p states have 
recently been observed about 4 eV above threshold in high resolution absorption 
spectra. These neutral states, which are energetically in the continuum, can pop- 
ulate the Is- ’ final state by valence autoionization. The two-step autoionization 

recess causes the variations in the vibrational fine structure seen in the spectra 
P 0 a) and c of the Figure. The autoionization process competes with the resonant 
Auger decay of the 2h2p states into ionized valence final states. 
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Kinetic energy (eV) Kinetic energy (eV) 

4 5 6 7 

N, N-is 
hw416.5 eV in 

hw433.3 eV 
i A- 

Figure 1. The vibrationally resolved C 1s and N 1s main photoelectron lines of CO 
and Na measured at two different excitation energies. The photon energies in (a) 
and c), which are 5.2 eV and 6.6 eV, respectively, higher than the core ionization 

6 thres old, correspond to the double excitation region in the absorption cross section. 
Note the enhancement of higher vibrational levels. The photon energies in (b and 

F 
(d) correspond to values of 16.6 eV and 23.4 eV, respectively, above thresh01 d and 

E 
here the vibrational fine structure is less prominent. 

1 Deexcitaion Spectroscopy of RblCso IXlBl 

B.Kessler, L.Baumgarten, J.Liining, S.Cramm, W.Eberhardt (KFA), and 
J.E.Fischer (UPenn) 

We studied the well-characterized orthorhombic phase of RbrCso [l] by direct 
photoemission and resonant photoemission using the absorption from the Cls core 
level into the second unoccupied state (LUMO+l) of the fullerene compound. Fig- 
ure 1 shows the valence-band region of Rbr Css recorded with a photon energy of 
396.2eV. The main peak-at a biding energy (BE) of about -15eV is due to pho- 
toemission from the Rb-4p levels. The positions of the features at BEs up to about 
-1OeV correspond to the occupied bands of Css (see inset). The emission at the 
lowest BE of about -2.5eV is attributed to the highest occupied molecular orbital 
(HOMO) of C&o, the peak at about -4eV corresponds to the HOMO-l. Both or- 
bitals are a-derived for the undoped fullerenes but may undergo hybridization upon 
alkali doping. 

A comparison of valence-band spectra for different photon energies is given in 
Figure 2. The contribution of the Cls photoemission with %nd.order photon en- 
ergy (-2eV C BE < EF has not been subtracted from the spectra. An intensity 
enhancement close to B B =-4eV can be observed for photon energies between 285.3 
and 285.6eV. In this photon-energy range a transition from the Cls core level into 
the second unoccupied state of the Css (LUMO+l) can take place. This excited 
state causes a resonant enhancement of the HOMO-l photoemission by a deexcita- 
tion process which cannot be observed off-resonance. A possible resonant intensity 
increase of the HOMO is hidden by the 2nd order peak, but obviously no dramatic 
effect can be detected for the other Css derived features. The contribution of the de- 
excitation process to the photoemission therefore demonstrates that the LUMO+l 
level in RbiCso is not completely delocalized. 

an Ll 
l] Electronic Properties of Novel Materials: Physics and Chemistry of Fullerenes 

Derivatives, H.Kuzmany, J.Fink, M.Mehring, S.Roth (eds.), World Scientific, 
Singapore (1995). 
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Figure 1. Photoemission spectrum from 
RbrCss; inset: valence bands of pure 
Go. 
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Figure 2. Resonant photoemission from 
Rbl cso. 



4d 
% Electronic decay spectra of doubly excited neutral states in CO and XIB 

1 Surface Critical Behavior of the betal-beta2 Phase Transition in V2H 1 X2A 1 
R. Paniago, P.C. Chow, H. Reichert, S.C. Moss (University of Houston), S. Schmid, 

N2 ‘< T.H. Metzger, J. Peisl (University of Munich), K.S. Liang (Exxon) 

M. Neeb, A. Kivimtiki, B. Kempgens, H.M. Kijppe and A.M. Bradshaw (Fritz- 
Haber-Institut der Max-Planck-Gesellschaft, Berlin) 

The Auger process has been established as the primary decay mechanism for 
the core-excited states of low-Z molecules both below and above the ionization 
threshold. Resonant decay can be studied by selecting one-hole one-particle (lhlp) 
excited states, while above threshold “normal” Auger decay occurs, originatin from 
a mixture of the main ionized single hole state (lh) as well as of shake-up 8 2hlp) 
and doubly ionized shake-off (2h) states etc. Since 2h2p states have recently been 
identified in the high resolution absorption spectra of CO and Nz about 4-7 eV 
above the C 1s and N 1s ionization potentials, we have investigated the resonant 
decay of these doubly excited neutral species. Their decay spectra are characterized 
by features at higher kinetic energies than the normal Auger transitions. Moreover, 
some of the lines are extremely sharp. Based on atomic calculations it can be shown 
that several of the 2h2p states in Nz give rise to atomic-like decay features which 
are caused by dissociation of the core-excited molecule. The decay measurements 
reveal further doubly excited states at and below the core ionization threshold as it 
was proposed by Arneberg et al. 

6 
Chem.Phys. Lett. 91, 362 (1982 ) several years 

ago. These multi-electron excite states cannot be identified in h igh resolution 
absorption spectra, since they are obscured below threshold by the more intense 
lhlp core-excited Rydberg states. 

We have studied the influence of the surface on the betal-beta2 phase transition 
of V2H using depth-resolved grazing incidence X-ray diffraction 
order transition is characterized by the change of the interstiti a!i 

GID). This second 
occupancy of the 

hydrogen atoms from ordered to random between (101) planes, which can be deter- 
mined from the hydrogen-induced distortions of the host lattice. First, using in-lab 
bulk x-ray diffraction, an effective bulk critical exponent beta was determined to be 
0.34 +- 0.04 at the specific concentration of 0.49 (H/V, as determined from hydrogen 
weight-loss measurements). At a slightly higher concentration prior data yielded 
beta=0.1’7. The present crystal traverses a a-phase region which in turn may com- 
plicate the study of the critical behavior. Our GID results indicate an increase of 
beta from 0.37 to 0.77 in the near-surface region of the crystal and an ordered phase 
persisting up to 8 Kelvin above the bulk critical temperature, as opposed to a bulk 
ordered phase that persists 1.0 Kelvin above the phase boundary. As a signature 
of the presence of a two-phase region we do not observe critical diffuse scattermg. 
However, the surface does show a distinct disordering behavior compared to the 
bulk, and similar to an ordinary transition. Since a superficial oxide layer was kept 
to avoid hydrogen losses on heating, its induced fluctuating interaction constants 
(quenched surface disorder) at the surface do not modify the overall behavior of the 
hydrogen ordering. Prelimmary data on the ordering kinetics indicate a somewhat 
sluggish behavior at the surface which is driven by a more rapid bulk ordering. This 
shows that the ordering process is predominatly driven by the bulk. 

* Work supported by a Max Planck Research Award (S.C.M. and J.P.) and by 
the NSF on DMR92-08450. R.P. thanks CNPq (Brazil) for support. 
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Figure 1. Decay spectra of CO and Nz excited around the C 1s and N 1s ionization 
thresholds at 296.1 eV and 409.9 eV, respectively. The decay of the doubly excited 
states above threshold show strong resonant features at 268 eV for CO and at 380 
eV for Nz, as can be seen in (b) and (d 

h 
, respectively. The spectra in (a) and (c) 

show resonant-enhanced structures whit are attributed to the decay of additional 
2h2p states immediately below threshold. The leading triple peak structure in all 
spectra is due to direct photoemission of the outer valence orbitals. The valence 
photoemission spectra of CO and Nz are shown at the bottom as dotted lines. 
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Figure 1. Vanishing of the (3/2 0 
3/2) superlattice peaks at incidence an- Figure 2. Double log-plot of the su- 
gle alpha-i equal to the critical angle for perlattice integrated intensity as T ap- 
temperatures below and at Tc. proaches Tc. 



The Synthesis of a Novel 2-Dimensional Antimony Sulfide, using 
Synchrotron Imaging Plate Data [C4HlON]2[Sb8S13].0.15H20 and X3Al 
its Structure Solution 

K. Tan, J. Parise, Y. Ko (SUNY Stony Brook), and A. Darovsky (SUNY Buffalo) 

Recently series of main group sulfide compounds, for example, thioantimonates, 
thiostannates and thiogermanates have been synthesized using hydrothermal tech- 
niques. Specifically, the thioantimonates show a remarkable variation of stoichiome- 
tries and structures. A novel antimony sulfide, [C~HlON]2[Sb8Sl3].0.15H20 was 
synthesized hydrothermally and its structure was determined from a small single 
crystal ( 20 mpm 20 mprn 60 mm ) using Synchrotron Imaging Plate Data. The 
new compound consists of centrosymmetric Sb16S264- planar clusters. Each cluster 
is connected to four others through two edge-sharing and two corner-sharing SbS3 
pyramids, forming an extended sheet. The protonated pyrrolidine molecules reside 
between the parallel stacked sheets. The structure is triclinic (space group P-l with 
a=6.929(2 

I 
, b=16.747 2) , 

Acknow edgments: iv 
c=17.976(4) A, a=94.84(1 

ork at X-3a supported under 2J 
, b=95.41(1) and =125.28(l). 
.S. DOE contract DE- FG02- 

86ER45231. We thank the National Science Foundation ( DMR 94- 13003) for 
support. 

Parise, J. B. ; Ko, Y. Chem. Mater. 1992, 4, 1446. 
Wang, X. Eur J. Solid State Inorg. Chem.1995, 32, 303 

The Use of Imaging Plates for Accurate Electron Density Studies at 
Helium Temperatures * 

X3A1 

R. Bolotovsky, P. Coppens, A. Darovsky and V. Kezerashvili (Chemistry, SUNY 
at Buffalo, and SUNY X3 beamline at BNL) 

Short-wavelength synchrotron radiation, helium cryogenic techniques and the 
oscillation method, have been combined m electron density studies, using imag- 
ing plates as detectors. To test the potential and limitations of imaging plates 
in accurate work, a simple transition metal complex, chromiumhexamine hexa- 
cyanochromium, Cr(NHs)sCr(CN) s was selected for study. X-rays at wavelengths 
of 0.656 A and 0.394 A are obtained at the sideways X3Al diffraction station [l]. 
A specially designed antiscattering device [2] allows use of a cryostat in conjunc- 
tion with imaging plates. The imaging plate data were reduced using the program 
HIPPO based on the seed-skewness peak integration method [3]. The electron 
density analysis was 
multipole formalism 41. The deformation density maps clearly show bonding fea- P 

erformed by Fourier methods and with the aspherical atom 

tures and illustrate the advances made since the first charge density study with 
synchrotron radiation, performed ten years ago at CHESS on the same compound 
[51* 

[l] A. Darovsky, I. Meshkovsky, P. Coppens, J. Synch. Rad. 2, 77 (1995 . 
A. Darovsky, R. Bolotovsky, P. Coppens, J. Appl. Cryst. 27, 1039 (1994). t 

[2] 
31 R. 

Bolotovsky, M. A. White, A. Darovsky, P. Coppens, J. Appl. Cryst. 28, 86 (1995 . 
[4] N. K. Hansen, P. Coppens, Acta Cryst. A34, 909 (1978). [5] F. S. Nielsen, J . 
Lee, P. Coppens, Acta Cryst. B42, 359 (1986). 

Figure 1. The sheet structure of [C4HlON 2[Sb8S13].0.15H20. Each Sb16S264- 
cluster is connected to four others throug li two edge-sharing and two corner- 
sharing SbS3 pyramids. The connections between clusters are also made by fused - * Research supported by the National Science Foundation (CHE9317770). Research 
semicubes. Two crystallographic unique pyrrolidine molecules, which are assumed carried out in part at the NSLS at BNL which is supported by the U.S. Department of 

w to be protonated, are within the parallelogram- shaped apertures and between the Energy, Division of Materials Sciences and Division of Chemical Sciences. The SUNY X3 

CL sheets, which are stacked parallel to [loo]. beamline at NSLS is supported by the Division of Basic Energy Sciences of the U.S. DOE 
-a (DE-FG02-86ER45231). 
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% ( The structure of TMA-CuGS-2, 

(Cuo.44Geo.ssSz.23)4(Ge4Ss)3.6~CHs)4N f rom Synchrotron/Imaging X3Al 
Plate Data. * 
J. B. Parise, K. Tan, Y. Ko, (SUNY, StonyBrook), A. Darovsky (BNL) 

Single crystals of (Cue.44Gee.ssSz.zs)4(Ge4&)3.6(CHe)4N (TMA-CuGS-2) were 
synthesized hydrothermally. The structure was determined using data collected 
from 20 pm crystals at X-3Al. 

This compound consists of Ge4Src4- adamantine clusters, corner-sharing with 
MS, units (M = Cu,Ge; x = 3 or 4>, forming an open framework with tetram- 
ethylammonium cations residing within four intersecting channels. Disorder in the 
M-sites causes the composition of the framework to deviate from the ideal stoi- 
chiometry, Gec.rrMe.z4Sz, realized when M = Cu and x = 4. This is consistent 
with results obtained from electron-probe microanalysis. The structure refinements 
were carried out in space group I-43d with cell parameter a=20.629 1) A. Fourteen 
unique weak reflections of the type hhl, 2h+l=4n2! forbidden in I-43 d , were detected 
in the synchrotron imaging plate experiment. Trial refinements in space groups R3 
and 1213 suggest t h eir origin in either weak ordering or multiple scattering effects. 

& Ge4.W 

Figure 1. 

* Work at Stony Brook supported by NSF grant DMR-93-1003. 

1 Synthesis and Structure of Novel Aurates: SrAuzO4 and BidAuzOg. 1 X3AlI 

J.-H. Park, K. Tan, J. B. Parise (SUNY Stony Brook), A. Darovsky (X3, BNL) 

The new compound SrAuzO4 was prepared by solid-state reaction of SrOz and 
AuzOs in a welded gold tube at lOGPa and 12OOC using a uniaxial split-sphere 
high-pressure apparatus (USSA 2000) as described previously. [l] Because of the 
small size of the single crystals (10 x 10 x 20mm3), synchrotron x-ray diffraction 
was used to collect data for structural determination and refinement. Two sets of 
imaging plate data with different exposure times were collected at room tempera- 
ture. An oscillation angle of 25 degree with 5 degree overlap between consecutive 
frames, was used for the data collection. SrAuzO+ (141/a, a = 6.161(2) A, c = 
10.144(2) A and Z = 4) is isostructural with CaAuzO4. [2] It consists of corner- 
linked Au04 square planes and distorted SrOs dodecahedra (Figure 1). The Au04 
units are stacked in a staggered fashion in columns along [loo] and [OlO] to produce a 
square-antiprismatic arrangement of oxygens between them. The intersection of the 
columns form cavities containing the SrOs units. Another aurate Bi4AuzOe, also 
prepared at the same conditions, has been studied using the synchrotron/imaging 
plate data. It has a basic structure similar to LaaAuzOz. [3] Its superstructural 
properties are under investigation. 

Acknowledgements: Work at StonyBrook supported by NSF grant DMR- 
9413003. (1) Gasparik, T. High Pressure-High Temperature, 1993, 25, 245. (2) 
Park, J.-H.; Parise, J. B. Chemistry of Materials, 1995, ‘7, 1055. (3) Ralle, M.; 
Jansen, M. J. Alloys Comps. 1994, 203, ‘7-13. 

Figure 1. Projection of the structure of SrAuzO4 along [loo]. The Au04 units and 
Sr ions are represented by the planes and circles. 



Pair-density Function Analysis of PEOX/Si02 Composite Materials X3A1 Charge Density Studies Using High Energy Synchrotron Radiation x3A1 

H. D. Rosenfeld, R. L. Harlow and I. A. David (DuPont) at 20K * 

It has been our goal to prepare composite materials of an organic polymer and an 
inorganic glass in which the molecules of each component were intimately entwined 
within those of the other. Such a structure would be a molecular interpenetrating 
or semi-interpenetrating network, depending on whether the polymer molecules 
were cross-linked or linear, respectively, and would consist of only one phase. A 
combination of poly(ethyloxazoline) (PEOX) with SiOz in a ratio of 33/67 appeared 
to meet the “one phase” criterion when the composite was characterized by a wide 
variety of techniques. However, in-house wide-angle diffraction scans on composites 
with varying PEOX/SiOz ratios proved difficult to interpret since there was little 
change in the broad peaks of these amorphous materials. 

H. S. Sheu, C. C. Wang, C. R. Lee, Y. Wang(Chem., National Taiwan Univ., 
Taipei), A. Darovsky, R. Bolotovsky and P. Coppens(SUNY Buffalo and BNL) 

It was then decided to study this material using the pair-distribution technique 
to see if we could distinguish a true one-phase composite from a two-phase phys- 
ical mixture. Wide angle diffraction patterns were collected on beamline X3Al at 
a wavelength of 0.6535 A in a low-resolution mode consisting of a receiving slit 
and a scintillation counter. Data was collected on four samples: pure SiOz, pure 
PEOX, a physically mixed sample of PEOX and SiOz in a 33/67 ratio, and the 33/6’7 
PEOX SiOz composite material. Background was measured and appropriately sub- 
tracte d from each pattern. After further corrections for Compton scattering and 
absorption effects, the resulting patterns were Fourier transformed to yield the PDF 
patterns. An analysis of all four patterns quickly showed that the distribution of 
the densities of the distances between atomic pairs in the 33/67 PEOX/SiOz com- 
posite corresponded to that calculated for a single phase structure but not to that 
calculated for a two-phase structure. On the other hand, the distribution derived 
for the physically mixed composite clearly corresponded to that calculated for a 
two-phase and not a single-phase structure. 

We have performed charge density studies at NSLS, using imaging plates(IP) 
and a Displex cryostat CT20 equipped with a anti-scatter device’ at the fixed angle 
X381 station. A wavelength of 0.394A from a Si(200) monochromator was used. 
The reduction on the absorption and the extinction should be apparent. Seventy- 
one frames of diffraction data are collected on IP for a LiBeOs crystal at 20K, the 
maximum sine/X is 1.77 A-r. A total of 4451 unique observed reflections is resulted 
after averaging the equivalents, the interset agreement index is 0.051. The “seed- 
skewness” method2 is used for the intensity data recessing. Thirty-one frames of 
data,are collected on a Fe(phen)z(NCS)z crystal~.08x0.08x0.04mm) at 20K, the 
data resolution is up to l.O36A-‘. A total of 4211 unique reflections is yielded after 
averaging the equivalents, the interset a 

f 
reement 

five frameS Of data are collected on a Co 
0.054. One hundred and thirty- 

C404)(HzC)z CryStd(o.1Xo.1Xo.1 mm) at 
20K. There is an apparent phase transition between the room temperature and 20K. 
When the crystal is cooled below 200K, substantial peak broading is observed. It 
is still so at 66K. But at 20K, peaks are sharpening, however not as sharp as those 
at room temperature. 

1. A. Darovsky, R. Bolotovsky and P. Coppens, J.Appl. Cryst.,1994,27,1039. 
2. R. Bolotovskv. M. A. White, A. Darovsky and P. Coppens, J. Appl. 

Cryst.,1995,28,86. -’ 

* The SUNY X3 beamlineat NSLS is supportedby the Divisionof Basic Energy Sciences 
of the US Department of Energy (DE-FG02-86ER45231). We wouldlike to acknowledge 
the National Science Council of ROC for financial support of this work. 



‘, ./ 
,>,’ ( 

“- ./ 
L’. 
. I_~ ,‘I 

4d 
% A Novel Antimony Sulfide Ternplated by Dimethylammonium * X3Al 

KEMIN TAN, YOUHGHEE KO, JAEHYUN PARK and JOHN. B. PARISE Dept. 
of Earth and Space Sciences, SUNYSB, Stonybrook, NY11794 ALEX DAROVSKY 
SUNY X3 beamline 

Hydrothermal synthesis has produced a new open framework antimony sulfide, 
[&&N [Sb&]. A 

h 
small single crystal of this compound, 0.020 x 0.03 x 0.04mm 

m size, as been used in the x-ray experiments for structure analysis. Two sets of 
data were collected with different rotation axes measured at the X- 3Al beamline 
using imaging plates as area detectors. This was done to ensure a complete set of 
unique data were collected. 

The structure of the sulfide ( S.G.: Cmca., Cell parameters: a = 9.9704(7) A, b 
= 11.652(2) A and c = 25.979(3) A) consists of inter-locking double chains, which 
are formed from two Sb4S7 single chains through S-S bridges. Protonated dlmethy- 
lamine molecules reside within double chains’ openings, which can be treated as 
18-membered rings. The structural building units of this material are very similar 
to that found in the open framework antimony sulfides ternplated by piperazinium 
[1] and enthylenediamomnium [2]. 

II 1 Parise, J. B. & Ko, Y. Chem. Mater. 4(1992)1446-1450. 
2 Tan, K., Ko, Y. & Parise, J. B. & Ko, Y. Acta Cryst. C50(1994)1439- 1442 

Draw Induced Crazing in PET Fibers: Temperature Effect X3A2 

Paul Harney, Benjamin Chu, Alan Kennedy, Roger Leach (Dept. of Chemistry, 
SUNY at Stony Brook; DuPont Central Research and Development) 

On going study of the morphological changes in fibers by synchrotron x-ray scat- 
tering has been enhanced by the design and construction of a miniature draw unit. 
On-line drawing of fibers is better suited for comparison to industrial processing 
techniques. This method appears ideal for obtaining the long exposure times nec- 
essary for fiber scattering volumes which tend to be small. 

Use of the draw unit for SAXS and WAXS experiments has provided better pre- 
cision of morphological changes as the temperature is raised above the !I’,. Between 
30°C and 50°C, the typical cross SAXS pattern showed an initial increase in the 
meridional spike as seen in Fig 1. WAXS data, shown in Fig 2 remained unchanged 
through these temperatures. At about 6O“C, SAXS intensity began to decrease! and 
was marked by an increase in orientation observed in the WAXS data as evident 
from an increase in equatorial intensity and corresponding decrease in the merid- 
ional intensity. By 7O’C little evidence of crazing was seen in the SAXS patterns, 
and the meridional WAXS peak began to show increased asymmetry. Assuming 
a baseline of amorphous material for subtraction, the remaining WAXS pattern 
appeared similar to the mesomorphic form1 of PET. The formation of the meso- 
morphic form of PET seemed to correspond with the disappearance of the craze 
SAXS pattern. 

G [&&hi R and Rosa 
arravicini L Leone, B. Auriemma, F. Guerra, G. Petraconne, V. DiDino, 

‘R. J. A;pl.'PoZy. Scik2, 875-885 (1994). 

l- 

Figure 1. Structure of the antimony sulfide ternplated by dimethylammonmm. 
Finure 1. Meridional SAXS from PET Figure 2. Meridional WAXS of PET 
fib&s: Temperature effect. fib&: Temperature effect. 
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* Work at Stony Brook supported by NSF grant DMR-93-1003 



) On-line WAXS of PET Fibers during Draw Induced Crazing 1 X3A2 1 

Paul Harney, Benjamin Chu, Alan Kennedy, Roger Leach (Dept. of Chemistry, 
SU NY at Stony Brook, Stony Brook, NY 11794; DuPont Central Research and 
Development, Experimental Station, Wilmington, DE) 

A miniature draw unit was developed to better reproduce fiber processing and 
to facilitate further X-ray scattering measurements of this phenomenon. Unlike 
stretching a fiber! the sample is constantly being replenished in the drawing pro- 
cess. In conjunctron with intense synchrotron radiation, this allows for the longer 
exposure times dictated by the small fiber scattering volume (- 1 x 10’ pm ’ for a 
1 mm beam diameter). 

WAXS analysis was performed to correlate crystallization with crazing in amor- 
phous PET fibers. A phase transition was observed at the natural draw ratio 
(NDR), (approximately 2.15). Fig. la and b show the meridional and equatorial 
profiles, respectively, for the WAXS patterns for draw ratios: 2.1 and 2.2. 

Draw ratios below the NDR appeared to represent mostly the amorphous phase 
with minimal organization as observed in DR=2.1. In the strain-hardening region, 
above the NDR (DR=2.2 

!r 
, the intermediate or mesomorphic phase’ developed as 

is typical for drawing PE below the Tg. It, therefore, seems that breakdown of 
the craze microstructure correlates with the onset of the mesomornhic form during 
strain hardening. 

* 

[l] Parravicini, L. Leone, B. Auriemma, F. Guerra, G. Petraconne, V. DiDino, 
G. Bianchi, R. and Vosa, R. J. AppZ. Pdy. Sci. 52, 875-885 (1994). 

Fd Figure 1. 
L 
a, left) Meridional WAXS of PET fiber: DR effect. (b, right) Equatorial 

e 
WAXS of ET fiber: DR effect. 

WAXS Measurements of 6,6 Nylon Yarn Structure X3A2 

A.D.Kennedy, B.S.Hsiao, R.A.Leach (DuPont Central Research, Wilmington DE), 
P.Harney, B.Chu (SUNY at Stony Brook) 

Structure change of a drawn, semi-crystalline, 6,6 nylon yarn was monitored in- 
situ during tensile deformation (1 to 30% strain) at 30 to 225’C on beam-line X3A2. 
Yarn was continuously taken from a package and strained over heated pins between 
two rolls moving at different speeds. This steady state process provides continu- 
ous sample replenishment and removes time constraints inherent in conventional 
stretching experiments. 

The 2D WAXS patterns were fit to a three phase structure model: crystal + both 
oriented and isotropic amorphous. Concentration of each was indexed by 2D inte- 
gration. Substantial crystal melting occurred at 100 to 2OO’C with a concomitant 
increase in oriented amorphous content but little change in isotropic amorphous. 
Crystal melting was reduced at higher strains. Above 200°C! crystal content re- 
mains constant but oriented amorphous is converted to isotropic. Observations are 
strikingly consistent with solid state NMRl which shows three levels of N-H mo- 
bility above Tg: fixed H-bonds in crystals, both isotropic and a hindered motion 
in amorphous regions; the fraction of material with isotropic motion increased as 
temperature approached the melt. 

High image quality (ten clear reflections) allowed crystallographic analysis. Col- 
lapse of the two strong equatorial reflections into a single peak, the so-called Brill 
transition, began at about 1OO’C and was complete at 160. Our analysis confirmed 
that the transition results from anisotropic crystal thermal expansion. Inter-chain 
spacing within the H-bonded sheets remains essentially constant while inter-sheet 
spacing increases sharply, forming a metrically hexagonal structure. Expansion is 
attributed to CH2 libratlon within the crystals[l]. 

[1] H.Miura, J.Hirshinger and A.D.English, Macromolecules, 1990, 23, 2153 and 
2169 

Cylindrical co-ordinates for , 
%$l~: Calculated model (solid) vs 
data (dashed). Figure 2. Crystal index vs temperature. 



Valence-specific resonance diffraction with imaging plates applied 
to the mixed-valence 

X3A2 
Self assembly of block copolymer Poly(oxyethylene-oxypropylene- 

enzyme model complex Mn’VL(l.l-O)z(l.l-MeCOz)Mnlll (MeCOz)z, oxyethylene) L64 in o-xylenelwater system X3A2 

L = 1,4,7-trimethyl-1,4,7-triazacyclononane * Li-Zhi Liu, Vinh-Bao Buu, Benjamin Chu (Department of Chemistry, SUNY at 
V. Kezerashvili, A. Darovsky and P. Coppens (SUNY/Buffalo and BNL) Stony Brook) 

L 

The title compound (Fig. 1) is a catalytically-active model compound of the 
catalase enzymes. Single-crystal imaging plate data have been collected at a number 
of wavelengths in the vicinity of the absorption edge. Given the known structure, 
the anomalous scattering factor f’ of the two Mn atoms can be determined site- 
specifically. A shift of the absorption edge of Mn(IV) relative to that of Mn(II1) is 
evident in Fig 2. In addition, the pre-edge feature visible in the fluorescence curve is 
evidently based on a transition at Mn(IV) rather than Mn(II1 ., 
shows f’ fine structure at the energy of the pre-edge feature ( 4 

as only the former 
lg. 2). 

The experiment shows that information on the electronic structure of transition 
metal atoms can be obtained rapidly by resonance scattering. The results have 
implications for time-resolved studies of electron transfer. 

Figure 1. 

* Research carried out in part at 
the National Synchrotron Light Source at 
Brookhaven National Laboratory which is 
supported by the US DOE, Div. of Ma- 
terials Sciences and Div. of Chemical Sci- 
ences. The SUNY X3 beandine at NSLS is 
supported by the Division of Basic Energy 
Sciences of the US Department of Energy 
(DE-FG0266ER45231). Support of this 
work by the National Science Foundation 
(CHE9317770) is gratefully acknowledged. 
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Figure 2. Figure 1. SAXS profiles of LBB/Cyclohexanol samples. 

In recent years, there have been a number of studies dealing with the Pluronic 
L64 in aqueous or nonaqueous solvents. However, the behavior of L64 at high 
concentrations is not often studied. Therefore, at high concentrations, their colloidal 
behavior is still not very clear. 

In our experiments, we selected a total copolymer concentration of C= 0.617g/mL 
to study the aggregate structures as a function of water-to-E0 molar ratio 
(Z=[HsO] 

Four I 
[EO]) by synchrotron SAXS at 25“C. 

so utions with an initial concentration of 0.617g/mL were prepared by dis- 
solving L64 in o-xylene. Then calculated amounts of water were added to each 
sample to get four different water-to-E0 molar ratios: 0.9, 1.4, 1.7, 2.1. We an- 
nealed the samples for a few days before the SAXS experiments. 

The graphs obtained are shown below. For the samples with Z=O.9 and 1.4, the 
first order peaks are observed but the high order peaks did not appear. For the 
solutions with Z=l.7 and 2.1, besides the main peaks, the SAXS profiles contain 
higher order peaks, with the Bragg ratios of 1: 4 l/2. 7112 and 1.3112 .4l/2.71/2 . . . . 

respectively, suggesting that the microstructures formed are hexagonal. 
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SAXS Study of 
the Miscible Blends of Semicrystalline Poly(vinylidenefluoride) and X3A2 
Semicrystalline Poly(l,4Butylene Adipate) 

Li-Zhi Liu and Benjamin Chu, R. St. John Manley (Dept. of Chemistry, SUNY 
at Stony Brook; Dept. of Chemistry, M&ii University) 

The miscibility and phase behavior of mixtures of poly(vinylidenefluoride) 
(PVF2)and poly(l+butylene adipate) (PBA have been investigated by Manley 
and coworkers using differential scanning c al orimetry and light-scattering tech- 
niques. It was concluded that PVF2 and PBA are thermodynamically miscible in 
the melt. The mixtures exhibit a complicated phase behavior., such as a three-phase 
morphology in which two different crystalline phases co-exrst with an intimately 
mixed amorphous phase. 

Synchrotron SAXS was used to study the three-phase structures at room temper- 
ature and two-phase structures at 70°C of the miscible PVF%/PBA blends. With 
the addition of PBA, the long period of PVF2 increased and the scattered inten- 
sity increased enormously, as shown in Figure 1, due to the density change in the 
amorphous PVF2 lamellae solubiized with PBA. The SAXS curve of the blend 
with 30% or more PBA also showed a PBA scattering shoulder (or peak) at higher 
q-ranges (Figure 1 and Based on our results, a three-phase structure model in 
such miscrble polymer blends is being formulated. 

0 
0.0 0.2 0.4 0.6 0.6 1.0 1.2 1.4 

4 W-9 

Figure 1. SAXS curves of PVF2 (filled 
triangle) and PBA (filled circle 
plymers and their blends with 10 b 

homo- 
o (open 

F 
circle), 20% (open triangle), and 30% 

ii 
(open hexagon) PBA. 
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Figure 2. SAXS curves of PBA (filled 

[SAXS Studies of Surfactant - Cationic Gel Products 1 X3A2 1 

E. Sokolov, F. Yeh, B. Chu, S. Starodubtsev, A. Khokhlov (Dept. of Chem., SUNY 
Stony Brook; Physics Dept., Moscow State University.) 

SAXS studies of slightly crosslinked gels of poly-(diallyldimethylammonium chlo- 
ride - acrylamide) random copolymer cationic gels in aqueous solution have been 
performed at the X3A2 beamline at NSLS. The gels with various degrees of 
crosslinking and diallyldimethylammonium chloride (DADMACl - acryl amide 
(AAm) contents were studied. Scattering curves are presented in h ig 1. Gels were 
also exposed to dilute solutions of anionic surfactants - sodium alkyl sulfates. Gel 
complexes with sodium decyl (SDCS ., dodecyl (SDS), tetradecyl (STS), and hex- 
adecyl (SHS sulfates exhibit 

A 
crystal- 1 ke structures for the gels with high contents 

of DADMA 1. Sodium octyl sulfate complexes showed semicrystalline properties. 
The d-spacing of the crystals did not depend on the degree of crosslinking, instead 
it decreased with increasing DADMACl content. Crystal-like structure disappeared 
below a threshold value for DADMACl content. Formation of crystal-like structures 
occurred at surfactant concentrations well below saturation in the external phase. 
When the surfactant concentration exceeded the critical micelle concentration in 
the external phase the diffraction phenomenon disappeared. 

100. :\ DADMAClmht 
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Figure 1. SAXS profiles of plain gels 
with l/200 crosslinking ratio. 
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Figure 2. SAXS profiles of surfactant- 
gel complexes for various surfactants. 
Charge density lOO%, crosslinking ratio 
l/200. 
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SEARCH FOR STRUCTURAL PHASE TRANSITIONS IN X3B1 

RhoGo * 

G.M. Bendele, P.W. Stephens (SUNY Stony Brook), and J.E. Fischer (U. Penn) 

We have carried out an x-ray powder diffraction study of a phase-pure sample 
of the superconducting alkali-fulleride RbsCsc with measurements at T=20K, 3_5K, 
295K, 460K and 575K. Its structure is well known to be cubic (space group Fm3m) 
with a=14.43k at room temperature. Rietveld refinements of this model clearly 
yield unit occupancy for the octahedral Rb site and 95% occupancy for the tetra- 
hedral Rb site resulting in a total stoichiometry of Rbs.guCsc. 

Given the extremely large thermal B-factor of the octahedral Rb, we have 
searched for evidence of any off-center displacement of this atom. Refining structural 
models with different amounts and directions of displacement from the (l/2,0,0) po- 
sition does not change the quality of fit, as long as the amount of displacement is 
small enough for the B-factor to remam positive (fig. 1). Since this amount de- 
creases smoothly as T decreases, we conclude that the Rb atom is indeed located 
in the center of the octahedral site. 

Previous s7Rb NMR measurements show 3 lines below T=443K, although the 
structural model has only 2 different Rb sites. We do not see any structural change 
associated with the disappearance of the third NMR line. 

Finally, comparing spectra at T=20K and T=35K our data excludes any struc- 
tural change associated with the superconducting transition of RbsCec at T,=29K. 

T=295K * 

* 

Figure 1. Beet (L, in A’) & R,, (R, in %) vs. displacement in A 

F 
* Work at the SUNY X3 beemline is supported by the Division of Basic Energy Sciences, 

i!+i 
U.S. Dept. of Energy (DE-FG0286-ER45231). Research st SUNY is supportedby the NSF 
under grant DMR-92-02529. 

TDAECso: Low-temperature structural studies. * 1 X3BlI 

G.M. Bendele, P.W. Stephens (SUNY Stony Brook), D. Mihailovic, and P. Ven- 
turiui (Univ. of Ljubljana) 

Recent reports [l] have shown differences in AC susceptibility of the organic 
ferromagnet TDAE-Csc below 20K depending on the thermal history of the sample 
above 30K. It was sug 
known monoclinic cell 9 

ested [I] that merohedral ordering of the buckyballs in the 
21 is responsible for this. 

We have recorded x-ray powder diffraction patterns of this sample using 
1.15A selected by double Si(ll1) monochromator and Ge(ll1) analyzer. Room 
temperature data shows that the sample contains at least one phase other than 
the known [2] structure of TDAE-C so. We then compare data with the sample (i 
quenched to T=77K and then warmed to T=90K (top of fig. 1) and (ii) slow-coole d 
over 8 hours to T=90K (bottom of Figure 1). 

The peaks that can be assigned to the known [2] structure of TDAE-Csc (indi- 
cated by peak markers show no difference at all. However, there are clear differences 
in peaks that do not r3 elong to this structure, some highlighted in fig. 1. We con- 
elude that the effects discussed in [1] occur in a phase other than the one known 
until now. We are planning further studies to investigate the nature of this phase. 

D. Mihailovic et al., Science 268, 400, 
P.W. Stephens et al., Nature 355, 331 
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Figure 1. Intensity vs. 20 

* Work at the SUNY X3 beamline is supportedby the Division of Basic Energy Sciences, 
U.S. Dept. of Energy (DE-FG0286-ER45231). R esearch st SUNY is supported by the NSF 
under grant DMR-92-02529. 
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tb 
g 1 Structure of Cso polymerized at low pressure. * 1 X3BlI 

G.M. Bendele, P.W. Stephens (SUNY Stony Brook), A.M. Rao, P.C. Eklund (Univ. 
of Kentucky, Lexington), and A. Moravsky (Russian Academy of Sciences) 

We have performed x-ray diffraction measurements on a Ccc polymer transformed 
at low pressure. X-ray patterns were collected of the pellet-like sample held both 
parallel 

\ 
top of fig. 1, upper) and perpendicular (lower) to the diffraction vector k. 

This c early shows that the sample has an anisotroprc structure and that the di- 
rection of compression has selected a preferred orientation. Accordingly, we present 
data collected on samples chopped up (bottom of fig. 1, diamonds). We see that 
this spectrum is a combination of the reflection and transmission spectra. 

We cannot index all peaks in this spectrum to any one phase. However, the three 
unit cells of the known phases of pressure-transformed C&c [l] do index all peaks. 
Using the published [1] atom positions we have fitted this spectrum to a mixture of 
the 3 phases, varying only scale factors. The resulting fit would not be considered 
good in a true powder experiment, but is sufficient to conclude the three-phase 
nature of this sample. The fit is the solid line (bottom of fig. 1 , with peak markers 
indicating peak ositions for the rhombohedral (R, 20%), ort h 
and tetragonal T, 20%) ph 

P 

orhombic (0, 60%) 
ases. The uniaxial applied stress evidently forces the 

fullerene molecu es close enough to form bonds at lower applied forces than are seen 
in experiments with true hydrostatic pressure. 

[I] M. Nunez-Regueiro et al., Phys. Rev. Lett. 74, 278 (1995) 

0.09 0.h O.i6 

Figure 1. Intensity vs. sinB/X 

* Work at the SUNY X3 beemlineis supportedby the Division of Basic Energy Sciences, * Work at the SUNY X3 beamline is supported by the Division of Basic Energy Sciences, 
U.S. Dept. of Energy (DE-FG0286-ER45231). R esearcb at SUNY is supported by the NSF U.S. Dept. of Energy (DE-FG0286-ER45231). R esearcb st SUNY is supported by the NSF 
under grant DMR-92-02529. under grant DMR-92-02529. 

Powder diffraction of alkali:alkaline-earth fullerides. * 1 X3Bl 

G.M. Bendele, P.W. Stephens (SUNY Stony Brook), T. Yildirim (NIST), and J.E. 
Fischer (U. Penn) 

We have studied the phase diagram of APIBas--.Csc (A = K, Rb, Cs) using x- 
ray powder diffraction. The data was recorded using 0.7A selected from Si(ll1) 
monochromator and Ge(ll1) analyzer. 

We have found stable phases of ABazCsc for A = K, Rb and Cs. These phases 
have the same fee structure (space group Fmfm) as AsCsu. The alkali atoms occupy 
the large octahedral sites at (l/2,0,0 

1 
with an accordingly large thermal parame- 

ter, while Ba occupies the tetrahedra sites at (l/4,1/4,1/4) with an indication for 
slightly less than integer occupancy. Raman spectroscopy shows evidence of a charge 
transfer of 5 electrons per buckyball and none of these samples are superconductors. 

Figure 1 shows a Rietveld refinement (Rurp =9%) of this model for RbBazCss. 
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Figure 1. Intensity vs. 28 
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Detection limit for polymorphs in drugs using powder diffraction. * X3Bl 

R. E. Dinnebier, P. W. Stephens (SUNY Stony Brook), S. Byrn (Purdue Univ.), 
V. Andronis and G. Zografi (U. Wisconsin, Madison) 

The qualitative and quantitative detection of small traces of polymorphs plays a 
very important role in pharmacology. We have used mixtures of the (Y and 7 phases 
of the anti-inflammatory drug indomethacin (CrsHrsClN04) as a test case. 

First we determined the previously unknown lattice parameters of Q- 
indomethacin as a = 18.2883(8)& b = 25.3866(6)& c = 5.4927(4)& p = 94.592’. 
From the extinction rules we can deduce P2r or P2r/m as possible space groups. 
The number of formula units per unit cell is probably 6. 

We investigated mixtures of 10, 1, 0.1, 0.01 and 0.00 weight-% LY phase in 7. 
0.1% (Y could easily be detected with its five strongest peaks. It is difficult to 
quantify the detection limit below O.l%, since the starting 7 from which these 
samples were prepared evidently contained a trace of o. Further work with samples 
of higher purity is underway. The 

I, of strongest peaks) peak of the 7 p 
120) peak of the CY phase and the (010) 

are shown in the scans below. 
(0.15% 

ase 

26W - 
6.10 6.20 6.30 6.40 6.50 6.60 6.70 

O[20] 

Figure 1. 

w 
* Work at the SUNY X3 beamline is supported by the Division of Basic Energy Sciences, 

A U.S. Dept. of Energy (DE-FG0286-ER45231). R esearch at SUNY wes supported by the 
-a NSF under grant DMR92-02529. 

STRUCTURE OF SODIUM-PARA-HYDROXY-BENZOATE BY X3B1 
POWDER DIFFRACTION * 

R. E. Dinnebier, P. W. Stephens (SUNY Stony Brook), M. Pink, and J. Sieler 
(Univ. of Leipzig, FRG) 

The crystal structure of Sodium Para-Hydroxy-Benzoate NaCrHsOs has been 
solved ab initio from powder data. The lattice parameters in P2r are a = 
16.0367(l)& b = 5.37604(6 A, 
formula units in the unit 

c = 3.63307(3)& p = 92.867(l)‘. There are two 
ce ll . 

About 400 peaks were extracted for use in the direct method program SIBPOW 
with which it was possible to determine the entire structure. Of the two possible 
space groups, P21 and P2r/m, only the first allowed a satisfactory fit to all the 
intensities. The relatively high R,,-factor of 19.0% is due to severe anisotropic 
micro-strain in the material. The FWHM of neighboring peaks can differ by a factor 
of up to 3.5. The implementation of a strain model including sufficient refinable 
parameters in a Rietveld program is under progress. 

The structure consists of layers of distorted NaOs prisms and phenol rings per- 
pendicular to the layers pointing up and down. The Na-0 distances vary between 
2.26 and 2.888. These oxygens are coordinated by 3 Na and 1 0 in the form of a 
distorted tetrahedron. The molecular structure is held together by van der Waals 
forces between the phenyl groups of different layers and additional H-bridge bonding 
between the oxygens (O-O distance of 2.94A). The layered structure perpendicular 
to the a axis is shown in fig. 1. 

! 
QQ -IL 

Figure 1. 

* Work at the SUNY X3 beamline is supported by the Division of Basic Energy Sciences, 
U.S. Dept. of Energy (DE-FG0286-ER45231). R esearch at SUNY was supported by the 
NSF under grant DMR92-02529. Research at UL was supported by the DFG and the 
Fond der Chemischen Industrie in Germany. . . 



(STRUCTURES OF C6H50K - 2 CsHsOH and CsHsOK .3 CsHsOH 1 vQa, 1 
1 BY POWDER DIFFRACTION 

L3.r)u.L 

R.E. Dinnebier, P.W. Stephens (SUNY Stony Brook), M. Pink, J. Sieler (Univ. of 
Leipzig, FRG), and P. Norby (BNL Chemistry) 

The crystal structures of the title compounds have been solved ab initio from 
powder data. X-ray powder diffraction patterns were recorded using 1.15A from 
double Si(ll1) monochromator and Ge(ll1) analyzer. Lattice params. etc. below: 

n swp a (4 b (4 c (4 Z # refined atoms (non-H) 
21.2424(3) 

22?7726f$m:5.4494(4) 7.7560(l) 8 29 
10.1250(l) 7.8982(3) 8 10 3 Pbca 

Structures of CeHsOA (A = K, Rb, Cs) by powder diffraction * 1 X3Bl 

R. E. Dinnebier, P. W. Stephens (SUNY Stony Brook), M. Pink, and J. Sieler 
(Univ. of Leipzig, FRG) 

The crystal structure of industrially important CsHsCK has been solved ab initio 
from powder data. The lattice constants for CeHsCK in Pna2r are a = 14.1005(1)81, 
b = 17.9126(l)& c = 7.1650(4$ 

X-ray powder diffraction patterns were recorded using 1.15A (A= K, Rb) and 
0.7A (A&s) from double Si(ll1) monochromator and Ge(ll1 
300 peaks were extracted for use in the direct method program SI k 

analyzer. About 
POW with which 

it was possible to detect the positions of A and some candidate 0. In the next stage, 
we searched for the center of gravity locations of the phenyl rings by replacing them 
with diffuse pseudo-atoms having the same number of electrons but a rather high 
temperature factor. It was possible to Rietveld-refine such structures to Bragg-R- 
factors around 30%. Grid searches on the rigid body orientation of the phenyl ring 
led to refinable coordinates for all of the non-hydrogen atoms 

6 
Rw, = 16.1%, RF = 

7.3% for 855 reflections). CsHsORb and CsHeOCs were foun to be isotructural. 
The very unusual structure provides a flagrant violation of Pauling’s rule that 

atoms of a given type should have similar coordination. Note that one set of potas- 
sium atoms sits at the center of an oxygen octahedron, while the others are linked 
to three oxygens and one phenyl ring. 

* Work at SUNY X3 beexnline is supported by the Division of Basic Energy Sciences, 
US Dept. of Energy (DE-FG0286-ER45231). R esearch at SUNY was supported by the 
NSF under grant DMR-92-02529. Research at UL was supported by the DFG and the 
Fond der Chemischen Industrie in Germany. 

The structures were solved using the direct methods program SIRPOW to locate 
candidate positions of K and 0. Then! we searched for the center of gravrty of 
the phenyl rings by replacing them wrth diffuse pseudo-atoms having the same 
number of electrons but a high temperature factor. Grid searches on the rigid body 
orientation of the phenyl ring led to refinable coordinates for all of the non-H atoms. 
Both structures are based on zig-zag chains (along c) of edge-sharing polyhedra. 

Work at the SUNY X3 beamline is supported by the Division of Basic Energy 
Sciences, U.S. Dept. of Energy (DE-FG0286-ER45231). Research at SUNY was 
supported by the NSF under grant DMR-92-02529. Research at UL was supported 
by the DFG and ICDD. PN was supported in part by the Danish Research Council. 

Figure 1. CeHsCK - 2 CsHsCH Figure 2. CsHsCK * 3 CsHsCH 



1 FRUSTRATED PHASE SEPARATION IN THE “INTERMEDI- I____ _ 1 
ATE” FCC PHASE OF KICso. * X3Jjl 

G. Faigel, G. Bortel, M. Tegze, G. Oselanyi (Research Inst. for Solid State Physics, 
Budapest), L. Forro (EPF Lausanne), and P.W. Stephens (SUNY Stony Brook) 

There has been an interesting puzzle in the phase diagram of Kr C&s. Early DSC 
and x-ray measurements revealed two distinct fee phases: a rock-salt structure 
above 450K and an “intermediate” fee phase below. However, local probes such 
as Raman, IR., photoelectron spectroscopy, and NMR revealed clear signatures of 
phase separation into Css and KsCss below 450K. 

We reconcile this apparent discrepancy with a careful analysis of the x-ray profile 
in the intermediate state at 300K (Fig. l)[l]. We find that the phase separation 
is frustrated, so that the CsO lattice is coherent over relatively long distances, but 
the K ions separate into smsll KsCso and K-free Css regions. The former are com- 
pressed and the latter expanded relative to phase-pure samples of either, resulting in 
the suppression of the superconducting transitions temperature and magnetic field 
exclusion in the KaCso regions, and the suppression of the orientational ordering 
transition relative to pure Css. 

[I] G. Faigel et al., Phys. Rev. B 52, 3199 (1995). 
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Crystal Structure Analyses Using Ab Inito Powder Diffraction Tech- X3B1 
niques: The Failures I I 

R. L. Harlow, Z.-G. Li, N. Herron and E. M. McCarron (DuPont) 

There has been a great deal of interest in the determination of crystal structures 
using ab initio powder diffraction techniques. While the successes of the technique 
have been well publicized, its failures have, unfortunately, been condemned to eter- 
nal darkness. We have recently had a number of failures which we are continuing 
to investigate in the hopes of eventually understanding why these cases proved so 
difficult. HAlF4, a potential catalyst in the CFC-substitution program, has yet to 
be solved. Its powder diffraction pattern is characterized by broad peaks which 
made the unit cell determination rather difficult. We have used electron diffraction 
to verify two of the axes and have even attempted to use the 2-D intensity data 
to solve the structure in projection. We have also obtained a pair-density function 
(data from X17b which shows that there may be some unusual Al-Al distances, 
solid-state Al N id R data which clearly indicates that all of the Al atoms are octa- 
hedrally coordinated, neutron diffraction data (HFBR-HRNPD) which essentially 
has verified the unit cell and symmetry, and acid-base informatron which suggests 
that the proton is locked up in some fashion. Despite the intense effort and all of 
this indirect structural information, we have been unable to solve the structure. 

Mo205(OMe)2, a model compound for interaction of methanol with Mo03-type 
catalysts, IS an example of a different type. The unit cell determination appeared 
to be straightforward despite the fact that the peaks were broad and the location of 
the MO atom was readily determined from a Patterson map. Six oxygen atoms were 
subsequently located around the MO and even the methyl carbons could be seen. 
The refinement of this structure gave an R value of ll%, i.e. the fit between the 
observed and calculated data was very good. Nonetheless, while the structure had 
some chemically reasonable features, it also had some which were not reasonable: 
e.g. O-MO-O angle of 60 deg. A neutron powder diffraction dataset (HNRPD) was 
collected on a deuterated sample: the model developed from the x-ray data does 
not fit this pattern at all (R = 50%). 

The large peak width is the common feature of the synchrotron patterns of these 
two compounds. This feature not only makes the process of determining the unit 
cell more difficult but it also blurs the high-angle peaks apparently making it much 
more difficult to solve the structure. We are continuing to use electron diffraction 
techniques in the hopes of obtaining starting structures for these two phases. We 
would like to solve and refine these two structures in order to understand exactly 
why they proved to be so problematic. 

sd * Work at the SUNY X3 beaxnline is supported by US DOE (DE-FG0286-ER45231), at 

si 
Budapest by OTKA grants, at Lausanne by the Swiss National Foundation for Scientific 
Research, and at Stony Brook by the NSF. 



PROBLEMATIC STRUCTURE 
DETERMINATION OF A SMALL ORGANIC MOLECULE VIA X3B1 
AB INITIO POWDER DIFFRACTION TECHNIQUES. 

R. L. Harlow, Z. Li, W. J. Marshall, K.H. Gardner, N. Herron and P. A. Meenan 
(DuPont) 

There is a small number of important organic compounds which have proven 
difficult to crystallize in sizes that could be used to determine their structures 
via single-crystal x-ray diffraction diffraction. We have begun a program to solve 
the structures of these compounds using x-ray powder diffraction data but have 
encountered a number of difficulties. We have selected the molecule shown below as 
a good example of a “problem” case. The monoclinic unit cell and the space group, 
P2l/c, were readily determined from the powder diffraction pattern. However, in 
spite of the small number of atoms in the asymmetric unit (the molecule sits on an 
inversion center), direct methods initially failed to solve the structure. Essentially, 
it was solved by inspecting the unit cell dimensions and inserting the molecule in 
such a way as to maximize the hydrogen bonding and pi-stacking. Even then, the 
refinement of the structure proceeded rather poorly with bond distances and angles 
becoming chemically unreasonable. A single crystal was eventually obtained by 
hydrothermal techniques and showed that the structure obtained from the powder 
pattern was nearly correct but clearly had sufficiently errors in the atomic positions 
to be quite worrisome. When the molecular structure was idealized (CERIUS) and 
its structure constrained in the powder refinement, the position of the molecule 
was found to be similar to that obtained from the single-crystal study. We are 
presently exploring the “problems” associated with the powder powder study in 
hopes of understanding their origin and resolving them for future studies of organic 
molecules. 

Figure 1. 

The Structure of PrPdSb via Resonance Scattering 1 X3Bl 

A. Mehta (U. of Nebraska), P. W. Stephens (SUNY Stony Brook), S. K. Malik 
(TIFR), and K. A. Gschneidner, Jr. (Ames Lab) 

The crystal structure of PrPdSb is thought to be composed of triangles of Pr- 
Pd-Sb. An X-ray powder diffraction pattern was collected at a wavelength of 1.15 
A (upto d of 0.9 A) in parallel beam diffraction geometry with a double Si(ll1) 
incident beam monochromator and Ge(ll1) analyzer before a Na-I detector. Lattice 
symmetry was found to be hexagonal with a = 4.58801(l) A and c = 7.80300(4) 
A. The extinction space group symmetry was determined from a tabulation of the 
observed Bragg reflections. Extinction conditions suggest two possible structures for 
PrPdSb: one in which Pd and Sb randomly occupy the basal sites of the triangles 

I 
disordered 
PBame). 

structure - Psammc) and the 0th er in which Pd and Sb are ordered 

Refinement of these two structures yield very similiar fits (RBragg = 9.9% for 
the disordered structure versus RBragg = 10.0% for the ordered structure). The 
similarity of the fits is not suprising in the light of the fact that x-ray scattering 
cross section of Pd is very similar to that of Sb. 

A second diffraction pattern was collected 20 eV below the Pd K-edge (i.e. at 
24.325 KeV) where the scattering contrast between Pd and Sb was enhanced by 
5 e due to resonance effects. Refinement of the two structures using resonance 
data indicated a slight preference for the ordered structure (RBragg = 8.8% versus 
RBragg = 9.2%). The structural fit was, however, still unsatisfactory so difference 
Fourier synthesis (DFS) maps were generated to determine the cause of the misfit. 
The, DFS maps show that the basal sites of the Pr-Pd-Sb triangles (i.e. Pd and 
Sb) are split by 0.3 A. Using DFS maps in conjunction with Pd-Pd and Sb-Sb 
distances determined from structures of Pd and Sb metals, a new structure for 
PrPdSb is proposed. In the new structure, Pd and Sb are ordered in the Pr-Pd-Sb 
triangles but the triangles themselves are disordered. The disorder can be best 
represented by a random mixing of two types of Pr-Pd-Sb triangles denoted by the 
configuration Sb-Pr-Pd and Pd-Pr-Sb in space group Ps,/,,,. Refinement of the 
“locally” ordered structure using the resonance diffraction data yields RBragg of 
7.5%, which is a statistically significant improvement (using Hamilton’s R-factor 
analysis) over both the disordered and long range ordered structures of PrPdSb. 
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Interface Morphology in Lattice-Mismatched (Si,Ge) Thin Films on X3B1 
Si * 
Z. H. Ming, S. Huang, Y. L. Soo and Y. H. Kao, (SUNY at Buffalo), and T. Carns 

and K. L. Wang (UCLA) 

The (Si,Ge) system exhibits a number of superior physical properties over pure 
Si. A higher carrier mobility has already been achieved, and the possibility of vary- 
ing the Ge content offers a new degree of freedom to control the lattice mismatch 
and strain in layered semiconductor structures - band structure engineering. We 
have been studying various Sir-,Ge, thin films grown on Si by molecular beam 
epitaxy in the past several years. This material also offers an ideal system for the 
study of fundamental physics concerning epitaxial growth of lattice-mismatched 
semiconductor layers as well as the interfacial morphology. Interfacial roughness 
parameters and lattice strain of Sir-,Ge, films with varying thickness epitaxially 
grown on Si 100 are determined using the techniques of grazing-incidence x-ray 
scattering ( Ad IX ) and diffraction. Recently, we have discovered the roughness of 
both the buried interface and sample surface follows a power-law scaling behavior as 
a function of film thickness with an exponent ,0 = 0.71 for films below the critical 
thickness, and it undergoes a large change above the critical thickness. Observa- 
tion of such a scaling law thus establishes a quantitative correlation between the 
interfacial roughness and lattice strain, and also allows the prediction of interfacial 
roughness as a function of film thickness of this compound. Work is in progress 
to compare the interface morphology determined from STM observations and the 
physical parameters obtained from x-ray scattering, especially in terms of the lat- 
eral and vertical correlation lengths of interfacial roughness, fractal dimensions, and 
variations of interfacial strain in epilayers grown under different conditions. 

) Structural Ordering in InGaAs/GaAs Superlattices * 1 X3BlI 

Z. H. Ming, Y. L. Soo, S. Huang and Y. H. Kao (SUNY at Buffalo), and K. Stair, 
G. Devane, and C. Choi-Feng (Amoco) 

For a pseudomorphic multilayer structure consisting of thin layers of dissimilar 
semiconductors, it is possible to achieve electronic energy band “tailoring” by a con- 
trol of strain in the material due to lattice mismatch, and to adjust their electronic 
and optical properties to suit the needs of device applications. When the layer 
thickness of the constituent semiconductors exceeds a critical thickness, the strain 
becomes unstable against lattice relaxation in the layer semiconductors, which usu- 
ally give rise to disordered structural changes such as formation of misfit dislocations 
and clusters. However, it was discovered in the InGaAs/GaAs superlattices that 
coherent strain can be partly released in the form of structural ordering in a low 
dimension. Our x-ray scattering studies have revealed a lateral thickness modula- 
tion in the [llO] direction with a quasi-period of 400 A. These x-ray results are also 
in good agreement with direct observation of spatial variation by high resolution 
transmission microscopy (HRTEM). Th e resultant material may thus be viewed as 
an MBE grown-in array of quantum wires. Structural parameters pertaining to the 
morphology of interfaces and thickness variations are obtained. The interfaces in 
these superlattices are found to be highly correlated, and the layers all show a high 
degree of crystallinity. Further work is in progress to assess the underlying physical 
parameters which are responsible for the formation of one-dimensional microstruc- 
tures in superlattices by MBE. A control of these growth parameters will be very 
useful for the preparation of arrays of quantum wires for various applications. 

* Research suaaorted in Dart bv DOE under srant DE-FG02-87ER45283. Research * Research sunnorted in aart by DOE under grant DE-FG02-87ER45283. Research __ ~~. ~~cc ~~~ * _ 
carried out in part at the National Synchrotron Light Source at Brookhaven National Lab- carried out in part-at the National Synchrotron Light Source at Brookhaven National Lab- 

4d 
oratory which is supported by the U.S. DOE, Division of Materials Sciences and Division oratory which is supported by the U.S. DOE, Division of Materials Sciences and Division 

z 
of Chemical Sciences. The SUNY X3 beamline at NSLS is supported by the Division of of Chemical Sciences. The SUNY X3 beamline at NSLS is supported by the Division of 
Basic Energy Sciences of the U.S. Department of Energy (DE-FG02-86ER45231). Basic Energy Sciences of the U.S. Department of Energy (DE-FG02-86ER45231). 



COMPARATIVE STRUCTURAL STUDY o?? Alc60 (A=& Rb, X3B1 
Cs) * 

G. Oszlanyi, G. Bortel, G. Faigel, M. Tegze (Research Institute for Solid State 
Physics, Budapest), P.W. Stephens (SUNY Stony Brook), and L. Forro (EPF Lau- 
sanne, Switzerland) 

A general trend is established by comparing the lattice parameters of isostructural 
ArCso (A=K, Rb, Cs) p o ly mers. The remarkably large differences of their physical 
properties (Ref. 1) can be related to the variation in the orthorhombic b lattice 
parameter through the interchain fullerene separation. 

phase 44 WI 44 KCeo 9.11 9.95 14.32 

RbCao 9.13 10.11 14.23 

CsCeo 9.10 10.21 14.17 

Figure 1 shows a Rietveld refinement of CsCss (with a small fraction of unreacted 
Css. The structural model is that published in Ref. 2, which was mangled in last 
years’ annual report. The temperature dependence of the unit cell dimensions of 
KrCss is shown in Fig. 2, which clearly supports van der Waals bonding along 
the orthorhombic b and c axes, and covalent bonding along a, as determined from 
earlier Rietveld refinements.[21 

F. Bommeli et al., Phys. Rev. B51, 14794 (1995). 
P.W. Stephens et al., Nature 370, 636 (1994). 

Figure 1. 

* Work supported by Hungarian OTKA 
grants, Swiss Nat’1 Foundation for Scien- 
tific Research, and US NSF. The SUNY X3 
beamlineis supportedby the US DOE under 
grant DEFG-0291-ER45231. 
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Luminescence Yield and X-ray Absorption Spectra in Doped Semi- X3B1 
conductor Nanocrystals * 

Y. L. Soo, Z. H. Ming, S. W. Huang and Y. H. Kao (SUNY at Buffalo), and R. N. 
Bhargava (Nanocrystals Technology) 

Recently it has been discovered that doped semiconductor nanocrystsls can ex- 
hibit novel optical properties which are not found in their bulk material coun- 
terparts. Both the quantum efficiency of photoluminescence (PL and transition 
probability are enhanced due to the effects of strong localization o 2 electrons in the 
small particles. We have started a collaborative program with Dr. R.N. Bhargava 
who first discovered this effect. This new class of materials is of great interest for 
studying the fundamental physics in systems of reduced dimensions and also for 
the development of novel optical devices utilizing the unique enhancement effects. 
Photoluminescence (PL) and x-ray absorption fine structure (XAFS) measurements 
are made in various doped semiconductor nanocrystals of ZnS and YzOa with dif- 
ferent size distributions. The dopants studied so far include Mn, Tb, and Eu. The 
interatomic distances between the impurity and neighboring atoms, coordination 
number, local disorder, and effective valency determined for the nanocrystals are 
compared with those in bulk doped-semiconductors. For example, in the case of 
ZnS:Mn, the Mn ions are found to substitute for the Zn sites in the host ZnS 
but with significant size-dependent local structural changes. The questions of Mn- 
cluster formation and presence of Mn impurities on the surface of the nanocrystals 
are addressed. Near edge x-ray absorption fine structures (NEXAFS) indicate that 
the effective valency of Mn ions in the nanocrystals is close to $2 with a weak size 
dependence. These local structures are closely related to the observed novel optical 
properties. More recently, we have discovered that the PL output is sensitive to 
the energy of x-rays used to excite the nanocrystals. The PL output can thus be 
utilized for site-selective detection of EXAFS. Owing to its enhanced quantum ef- 
ficiency and fast response, these nanocrystals are strong candidates for a new type 
of high-efficiency x-ray detector. Further studies of PL and EXAFS in other types 
of doped nanocrystals are in progress. 

* Research suuuorted in part by DOE under grant DE-FG02-87ER45283. Research 
carried out in part at the National Syncbrotron Light Source at Brookhaven National Lab- 
oratory which is supported by the U.S. DOE, Division of Materials Sciences and Division 
of Chemical Sciences. The SUNY X3 beamline at NSLS is supported by the Division of 
Basic Energy Sciences of the U.S. Department of Energy (DE-FG02-86ER45231). 
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X-ray Scattering and Absorption Studies of (In,Mn)As Thin Films X3BI 
on GaAs * 

Y. L. Soo, Z. H. Ming, S. Huang and Y. H. Kao (SUNY at Buffalo), M. Tanaka 
(University of Tokyo), H. Munekata (Tokyo Institute of Technology), and L. L. 
Chang (Hong Kong University of Science and Technology) 

The advent of III-V diluted magnetic semiconductors, first successfully synthe- 
sized by Munekata et al., offers enormous opportunities for the development of new 
electronic and optoelectronic devices in which some characteristic physical prop- 
erties can be continuoz~sly tuned by an external magnetic field. For a physical 
understanding of this new class of materials and in light of this important device 
potential, we have started a systematic study of the interfacial microstructures and 
local structures in various Inr -,Mn,As films grown on GaAs by molecular beam 
epitaxy. The methods of grazing incidence x-ray scattering, x-ray diffraction and 
extended x-ray absorption fine structure are used, from which the interfacial rough- 
ness in the layer structure, changes in lattice constants due to strain and lattice 
mismatch, local environment surrounding the Mn atoms, coordination number, epi- 
layer thickness, and local disorder are determined. Microstructures in MnAs films 
prepared with different first-layer growth conditions are compared. Our measure- 
ments indicate that the template effects can cause significant differences in the local 
structures and crystallinity of the MnAs epitaxial layers. Substitution of Mn atoms 
for the In-sites is found in samples either grown at low substrate temperatures (near 
2OO’C) or with a low Mn concentration (about 1 atomic percent). These results 
provide the first direct experimental evidence for III-V diluted magnetic semicon- 
ductors obtained by substitutional doping of Mn impurities in InAs. Further work 
is in progress to investigate the possibility of controlled doping in p- and n-type 
materials and the local structures around various magnetic impurities. 

* Research supported in part by DOE under grent DE-FG02-87ER45283. Research 
carried out in part at the National Synehrotron Light Source at Brookhaven National Lab- 
oratory which is supported by the U.S. DOE, Division of Materials Sciences and Division 
of Chemical Sciences. The SUNY X3 beamline at NSLS is supported by the Division of 
Basic Energy Sciences of the U.S. Department of Energy (DE-FG02-86ER45231). 

STRUCTURE OF PHOTO-POLYMERIZED Cei, * 1 X3Bl 

P. W. Stephens (SUNY Stony Brook), P. C. Eklund, and A. M. Rao (Univ. of 
Kentucky, Lexington) 

When exposed to ultraviolet or visible light in vacuum, solid films of Cso be- 
come insoluble, evidently through the formation of inter-fullerene covalent bonds 
[l]. We have investigated the attendant structural modifications using x-ray diffrac- 
tion. Films were deposited and exposed to light, and the resulting polymerization 
monitored with Raman scattering separately from the x-ray experiments. The re- 
sults clearly show that the solid d se film retains its fee structure, but its lattice 
parameter shrinks continuously with increasing polymerization. We have modeled 
this process as a random network of two types of springs, representing van der 
Waals and covalent bonds, respectively. Quantitative analysis is hampered by the 
(evidently) inhomogeneous light exposure to the rather thick films. Accordingly, we 
will repeat the experiments with thinner films. 

[I] A.M. Rao et al., Science 257, 955 (1993) 
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Figure 1. 

* Work at the SUNY X3 beamline is supported by the Division of Basic Energy Sciences, 
U.S. Dept. of Energy (DE-FG0286-ER45231). R esearch at SUNY was supported by the 
NSF under grant DMR-92-02529, and at UKy by NSF OSR-9452895. 



4d % THE MICROABSORPTION CORRECTION IN QUANTITATIVE X3B1 
ANALYSIS. * 
Peter Stephens (SUNY Stony Brook) and Rani Johnson (East Hampton High 

School) 

In applying powder x-ray diffraction to quantitative analysis of solid mixtures, 
it is generally necessary to correct the measured intensities for microabsorption, 
i.e., the different absorption constants for the various constituents of the mixture. 
While the correction for this effect is well known (Ref. l),, it requires knowledge of the 
average grain sizes of each component and their absorption constants. Using tunable 
radiation to vary absorption constants, we can determine the parameters necessary 
to make the Brindley correction directly. without an indeuendent measurement of 
particle size. - 

-, 

TO demonstrate this technique, we prepared mixtures of NIST Standard Reference 
Materials: 10&l% by weight AlzOa in CrzOa, and collected data at wavelengths - - -, 
of 1.54Aand O.‘i’A. The table below shows that, even for these finely ground pow- 
ders, the Brindley correction is significant at Cu K,, whereas it is negligible at 
the shorter wavelength. The advantage of synchrotron radiation for these measure- 
ments is clear, in that the resolution is not significantly degraded in using shorter 
wavelengths. 

Absorption constant Derived weight 
x Alz 03 CrzO3 fraction Alz 0s 

1.54A 126 cm-r 912 cm-’ 7.5% 
0.7A 12 97 9.2% 

The results are consistent with the Brindley correction for particle sizes of Nl,um. 
Clearly this technique could be extended to direct measurements of the particle sizes 
by collecting data at several wavelengths. 

[l] G.W. Brindley, Phil. Mag. 36, 347 (1945). 

* Work at the SUNY X3 beamlineis supportedby the Division of Basic Energy Sciences, 
USDoE (DE-FG0286-ER45231). Research at SUNY was supported by the NSF under grant 
DMR-92-02529. 

Kinetic Roughening in Ag Homoepitaxy ) X3B2 

William C. Elliott (University of Missouri-Columbia) Paul F. Miceli (University of 
Missouri-Columbia) Teddy Tse (SUNY-Stony Brook) Peter W. Stephens (SUNY- 
Stony Brook) 

We have studied, in situ, the kinetic roughening of the Ag(ll1) and Ag 100) 
surfaces to relate the height difference correlation function to specific det 6 ’ s of 
surface kinetic mechanisms.1~2 

These two orientations have contrasting properties; Ag(lll) growth is dominated 
by the step-ledge diffusion barrier and is multilayer, whereas the Ag(100) surface 
undergoes layer-by-layer growth. X-ray specular reflectivity measurements are used 
to characterize the surface, allowing the rms roughness to be determined at different 
Si tages of growth. 

Below 300K for the Ag(lll) surface, we observe a power law exponent consistent 
with Poisson statistics /&l/2); h 

k 
owever, 

comes significant at 400 
diffusion over the step-ledge barrier be- 

and the growing surface roughens more slowly, resulting 
in a smaller exnonent. The temperature dependence is in agreement with recent 

I 

computer simulations3 which studied the effect of a step-ledge diff usion barrier on 
epitaxial growth. The Ag(lOO) surface is observed to have exponents smaller that 
the Ag 

4 
111) surface. 

1. * C. Elliott, P. F. Miceli, T. Tse and P. W. Stephens, Proceedings of the 
4th International Conference on Surface X-ray and Neutron Scattering. To appear 
in Physica B. 

2. P. F. Mice& W. C. Elliott, T. Tse and P. W. Stephens, to be published. 
3. Z. Zhang, J. Detch and H. Metiu, Phys. Rev. B, 48 4972 1993). 
Supporting grants: NSF DMR-9202528, DOE DEFG02-86E k 

of Missouri 
45231, University 

Research Board. 
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DOMAIN GROWTH IN THE SUBMONOLAYER EPITAXIAL X3B2 
SYSTEM Pb ON Ni(OO1) * 

T. Tse and P.W. Stephens (SUNY Stony Brook) 

The problem of domain growth is an interesting question in nonequilibrium sta- 
tistical mechanics, as well as a problem of enormous practical importance. We have 
studied the scaling of domain size with coverage in the regime from nucleation to 
the point where growing domains begin to collide. The experimental realization 
was the monolayer ~(2x2) phase of Pb on Ni 001). Acsorbate diffraction peaks at 
the Ni(100) position were satisfactorily fitte 6 to a Lorentzian to the 3/2 power, 
in accord with Porod’s law. We obtained usable data for the range of correlation 
lengths from 16 to 80 A. Following theoretical guidance from Family and Meakin[l], 
we looked for exponential growth of domain size by plotting the logarithm of the 
inverse peak width vs. coverage in Fig. 1. The data fall equally well on a straight 
line in a log-log plot with a slope of 2.7, but we are not aware of any models that 
predict such a large growth exponent. Further details are given in Ref. 2. 

1. F. Family and P. Meakin, Phys. Rev. Lett. 61, 428 (1988). 
2. T. Tse, P.W. Stephens, and P.J. Eng, J. Phys. Condens. Matter 6, 6111 

(1994). 

ADSORPTION SITES OF Pb ON Ni (001) AND Cu(OO1) vs. TEM- X3B2 
PERATURE * 

T. Tse and P. W. Stephens (SUNY Stony Brook) 

In previous work, we have used the interference between Pb and the Ni surface 
truncation rod at the (bulk-forbidden) Ni (110) diffraction position to show that, at 
room temperature, Pb adsorbs on the fourfold hollow sites of Ni (001) even before 
it forms a detectable monolayer. The initial growth mode at elevated temperatures 
is quite different, as illustrated in Fig. 1 below. At 70°C and below, Pb atoms 
up to the ~(2x2) monolayer scatter out of phase with the Ni surface. At higher 
temperatures, some of the Pb atoms scatter in phase with the Ni, although the 
Pb atoms eventually occupy the fourfold hollow sites. We obtain similar results 
for Pb on Cu(OO1) (Fig. 2). The temperature dependence evidently arises from 
the increased mob&y of Pb atoms on the surface leading to greater adsorptron on 
step edges or other pinning sites, and the migration of subsequent atoms to these 
nucleated islands. The solid curves in the figures are fits to a model described in PI- 

[l] T. Tse, P. W. Stephens, and P. J. Eng, J. Phys. Condens. Matter. 6, 6111 
(1994) 

Figure 1. Ni(ll0) intensity vs. Pb cov- 
erage 

Figure 1. 
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F fil Transcriptional initiation: Structural analysis of the 
TBP/TFIIA/TATA complex. X4A 

Jim Geiger (Howard Hughes Medical Inst., Yale University MB&B) P. B. Sigler 
(H HMI Yale University MB&B) 

The goal of this project is to investigate structure-function relationships of eu- 
karyotic transcription initiation. for RNA polymerase II, there are a host of general 
transcription factors that must associate at the promoter with the polymerase be- 
fore transcription initiation begins. Some are required for the initiation of all genes 
(TFIID , TFIIB) in vivo and in vitro, while some are required on a subset of pro- 
moters, or serve to activate transcription, but are not necessary for basal levels of 
in vitro transcription. TFIIA falls in the later category. An essential gene in yeast, 
TFIIA counteracts the effects of transcriptional repressors and may be involved in 
the activity of transcriptional activators. It increases the association of TBP to the 
TATA box by three orders of magnitude, and extends the TBP footprint on DNA 
by seven base pairs in the upstream direction. 

We have crystallized and produced a preliminary electron density map of a com- 
plex of TBP/TFIIA/TATA to 3.0 angstroms resolution using two data sets collected 
at X25: a derivative where both TFIIA and TBP proteins have been substituted 
with selenomethionine, and a derivative where only TFIIA has been substituted 
with selenomethionine. The later data set is also the highest resolution data so far 
collected on this complex and will be used to refine the structure to 2.8 angstroms 
resolution. More recently we have conducted a double edge Se/Br MAD experiment 
at X4A which produced a far superior and interpretable electron density map that 
is presently being traced. 

1. Auble, D. T.; Hahn, S. Genes Development 1993, 7, 844-56. 
2. Meissner, W.; Holland, It.; Waldschmidt, R.; Seifart, K. H. Nucleic Acids 

Research 1993, 21, 1013-8. 

] Crvstal structure of human interleukin-10 at 1.6A resolution 1X4A1 

A. Zdanov, C. Schalk-Hihi, A. Gustchina, and A. Wlodawer (NCI-FCRDC) 

Interleukin-10 (IL-lo) is a cytokine produced by activated T cells, B cells, ker- 
atinocytes, and monocytes. It has been shown to inhibit the synthesis of a number of 
cytokines, including interferon 7, IL-2, IL-3, tumor necrosis factor and granulocyte- 
macrophage colony-stimulating factor. Human IL-10 has been shown to exist in 
solution as a homodimer! composed of two polypeptide chains of 160 amino acids 
each. The subunits withm the dimer are non-covalently associated, although each 
subunit contains two intra-chain disulfide bonds. Structure of IL-10 at room tem- 
perature (RT) has been solved by MIR by using five heavy-atom derivatives [l] and 
refined at 1.8A resolution against data collected on RAXIS-IIC image plate system 
coupled with a RU-200 generator. 

We were able to collect diffraction data to 1.5A resolution at low temperature 
(LT), lOO”K, using synchrotron radiation, beamline X4A. Sigma M-3516 mineral oil 
was used as a cryoprotectant. A total 91 frames of 1.5“ oscillations with exposition 
time 55 sec. per frame were collected. Crystal to detector distance was 150 mm. 
The data were processed with the DENZO program package; Rmerge is 7.2% at 
1.5A resolution. However, since the data in the last resolution shell (1.6.&1.52) 
were of poor quality, we used in the refinement only data to 1.6A. 

LT data allowed us to locate four extra N-terminal amino acid residues and a 
number of side chains which were not visible before. We identified 175 “new” water 
molecules and three ammonium sulfate anions. It is interesting that at LT the unit 
cell (space group P3z21) became more “trigonal” a = b = 69.53A, c = 70.54A 
versus a = b = 70.27A, c = 70.31A at RT. The molecule itself appears to contract 
slightly at LT, similar to what was found in the studies of the Ribonuclease-A at 
different temperatures [2]. The overall change in the unit cell volume between room 
and lOOOK temperatures is 1.8% or 5336A3. A detailed paper on LT IL-10 crystal . . 
strity;; in preparation. 

anov, C. Schalk-Hihi, A. Gustchina, M. Tsang, J. Weatherbee and A. 
Wiohawer, Structure 3, 591-601(1995). -. 

[2] R.F. Tilton Jr., J.C. Dewan, G.A. Petsko, Biochemistry, 31, 2469-2481(1992). 



Determination of transient molecular structure for photoinduced re- X6A 
action intermediates using time-resolved energy dispersive XAS. 

L. Chen (Argonne National Laboratory/University of Chicago) 

A time-resolved XAS experiment has been set up at the beamline to study laser 
induced molecular structural changes using energy dispersive x-ray absorption spec- 
troscopy. A Nd-YAG laser pumped OPO laser system (Spectra Physics offers a 
continuously tunable nanosecond laser pulses from 420 to 2000 nm at 10 B z with a 
pulse energy around 50mJ at 500 nm is installed at the beamline. This laser is used 
to illuminate the molecules in order to create excited states or photoreaction inter- 
mediates. The laser pulses are synchronized with the diode array detector readout, 
treating the x-ray pulses as a continuous source. Currently the time-resolution of 
the measurements is limited to the 5-ms readout time of the detector. As the first 
experiment, we have tried to detect the triplet state structures of ZnTPP (zinc 
tetraphenylporphyrin) and ZnOEP zinc octaethylporphyrin), which have lifetimes 
of 26 and 56 ms respectively at 77K. L ased on previous studies, the molecular struc- 
tures undergo distortions at the triplet state where the symmetry of the molecules 
change from D4h to D4v or D2, this hypothesis is yet to be confirmed. We are now in 
a process to optimize the experimental conditions and explore other suitable molec- 
ular systems to study. The outcome of this study will lead to molecular structure 
determination with higher time resolution at the third generation synchrotron. 

1 The Transient Redox Kinetics of Vanadium Phosphate: An in situ 1 TI_ . 1 
Dispersive XANES Study 

AbA 

George Co&ton, Richard Harlow (DuPont), Simon Il. Bare (Dow), Harold Kung, 
Kari Birkeland, Greg Bethke (Northwestern), John Quintana, Joe Georgopoulos 
(DND-CAT), and Peter L. Lee (Argonne) 

Butane oxidation to maleic anhydride is the only selective alkane oxidation pro- 
cess currently practiced on a commercial scale. Since its development over 20 years 
ago, this process has received a great deal of attention from the catalysis commu- 
nity; primarily because of hopes that struture-performance relationships derived for 
the VP0 system would lead to development of catalysts for other alkane oxidations. 
Despite this interest, many basic questions remain unanswered. 

For example, it has long been known that lattice oxygen (as opposed to adsorbed 
oxygen) plays an important role in the mechanism of butane oxidation, but there 
have been no reports in the literature providing direct evidence of which oxidation 
states of vanadium are involved in the reaction. In addition, phosphorus enrichment 
is known to increase the selectivity of vanadium phosphates for production of maleic 
anhydride, but the reasons for this effect are still unclear. Our collaborative research 
program at NSLS-X6A has been directed at answering these two very important 
questions. In a typical experiment, a catalyst cell with Be windows is used to 
contain a 150 pm wafer of catalyst. 

A bent Si(ll1) crystal is used to focus a polychromatic x-ray beam onto the wafer, 
and the transmitted beam is dispersed onto a multichannel photodiode detector. 
With this configuration, the complete XAS spectrum can be collected with adequate 
S/N in 1 sec. The reactor exit is in-line with a mass spectrometer so the production 
of maleic anhydride can be followed during the experiment. The V K-edge XANES 
data have been analyzed using conventional curve fitting of the edge and pre-edge 
features as well as with a factor analytic approach. The latter is particularly well 
suited for analysis of time resolved data because the entire data set is analyzed at 
once, and there is no need to normalize the spectra or to use external standards. 

In a series of experiments using or-VOPO4/SiOz, the reaction gas was cycled 
between air and butane. At all temperatures studied, the overall rate of reduction 
was always faster than that for reoxidation of the catalysts, although the initial 
rate of reoxidation was faster for T<420°C. In the case of a phosphorus enriched 
sample (P:V=1.95) at 320°C, the rate of reduction increased to 0.016~~‘, while the 
rate of oxidation decreased to 0.01~~r. This suggests that phosphorus may play 
a role in C-H bond activation, but that it has its largest impact on the process 
by which lattice oxygen is restored. Furthermore, at all temperatures studied, the 
maleic production rate, as determined by the mass spectrometer, tracked the decay 
of the Vs6 component of the catalyst, clearly identifying that component as being 
required for production of maleic anhydride. 



K absorption edge Magnetic Circular X-Ray Dichroism of Fe-Ni alloy. 
* 

X6A 

K. J. Gofron, C.W. Kimball (NIU), P.Lee, G.Jennings, P. A. Montano (ANL) 

Here we describe Magnetic Circular X-ray Dichroism (MCXD) studies of Fe-Ni 
alloy, using energy dispersive beamline. MCXD provides information on element 
and orbital specific (partial) spin density of unoccupied states. The XANES spectra 
show shifts of the absorption edge of the order of 40 meV for Fe and 600 meV for Ni. 
The MCXD spectra depend strongly on the crystal structure. However, MCXD of 
the Fe K edge has always a positive peak at the absorption edge in the bee, fee, and 
hcp crystal structures with intensity decreasing with decreasing Fe content. MCXD 
of elemental Ni K edge has only a negative peak. When Fe is added the MCXD of 
the Ni K edge develops a positive peak at the absorption edge in the fee and hcp 
crystal structures. The MCXD signal of the K edges is of the order of O.ledge. 

Figure 1. 
in alloys. 

MCXD spectra at Fe K edge 

* This work was supported by the State 
of Illinois/NIU-HECA and Department of 
Energy under contract W-31-109-Eng-38 

Figure 2. MCXD spectra at Ni K edge 
in alloys. 

1 MCXD studies of the sinnle crystal of NdzFelaB (001). * 1x6~1 

K. J. Gofron, C. W. Kimball (NIU), P.L. Lee, P. A. Montano (ANL), P. Canfield, 
and M. J. Kramer (Ames Lab) 

The MCXD temperature dependent studies of a single crystal of NdsFeraB have 
been done across sprin reorientation at 120 K. The MCXD allowed us to study 
magnetic behavior of individual atomic species in a complex material. In these 
studies we used microfocussing property of the energy dispersive beamline in order 
to study small samples. The MCXD signal at Nd Ls absorption edge exhibits 
a change of about 10% across the reorientation temperature. In the same time 
the room temperature MCXD at K edge of Fe is three times higher than that for 
elemental Fe. 
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Figure 1. MCXD at Nd LZ for NdsFer4B 
across spin reorientation temperature. 

* This work was supported by the State 
of Illinois/NIU-HECA and the Department 
of Energy under contract W-31-109-Eng-38 
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Figure 2. MCXD at Fe K edge for 
NdsFer4B. 



1 Temperature Dependence of the MCXD at the Gd LS edge * IX6AI 
K. J. Gofron, C. W. Kimball (NIU), P. L. Lee, P. A. Montano, G. Jennings (ANL) 

We measured the temperature dependence of the magnetic circular X-ray dichro- 
ism (MCXD effect at the Gd Gd La absorption edge using an energy dispersive 
beamline. T h e intensity of MCXD features follows closely the standard magnetiza- 
tion curve. In the ferromagnetic region, well below 290 K, the features do not change 
appreciably. Above the transition temperature, paramagnetic region, the intensity 
of the MCXD decrease strongly with temperature but are observable even at the 
highest studied temperatures, 350 K. The main positive MCXD peak is observed 
at all studied temperatures from 77 K up to 350 K. The peak persists above the 
zero field ordering temperature (290 K), this is related to the effect of the magnetic 
field. However, the main focus of the studies is on the presence of the quadrupolar 
term observed as a feature below the edge. We find that the quadrupolar peak 
strength does not change significantly over the whole range of temperatures below 
the reorientation temperature. Thus the coefficients of the quadrupolar term are 
not strongly temperature dependent as previously assumed. The quadrupolar peak 
vanishes slightly above the ordering temperature. In addition, magnetic EXAFS 
oscillations are observed above the valence band region. 

MCXD studies at Fe K edge in ordered and disordered FesPt invar X6A 
alloy. * I I 

K. J. Gofron, C. W. Kimball (NIU), P. L. Lee (ANL), C. Yahnke (NIU), G. Jen- 
nings, and P. A. Montano (ANL) 

We have studied magnetism of FesPt invar alloy at K edge of Fe. Circularly 
(greater than 95%) polarized x-rays were incident normal to the sample surfaces. 
Samples were magnetized perpendicular to the surface with field of 1 T using elec- 
tromagnet. We observe that the MCXD signal at Fe K edge in FesPt is twice larger 
and twice broader in energy than in elemental Fe. The K edge MCXD for Fe in 
FesPt exhibits complicated structure of positive and negative peaks which have very 
different intensities for ordered and disordered phases of FesPt alloy. 
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Figure 1. Temperature dependence of MCXD at Gd Ls edge (center). Main peak 
height (left) as a function of temperature and the MCXD spectrum at 94 K (right). 

Figure 1. MCXD from cold rolled (d isordered), heat treated (ordered) FesPt and 
elemental Fe. Below are the corresponding XANES. 
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* This work was supported by the State of Illinois/NIU-HECA and Department of * This work was supported by the State of Illinois/NIU-HECA and Department of 
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Simultaneous Multi-wavelength Anomalous Diffraction (SMAD) : 
An Energy Dispersive Synchrotron Diffraction Method for Macro- X6A 
molecules * 
Peter L. Lee (ANL) and Craig M. Ogata (HHMI) 

A new synchrotron data acquisition method, Simultaneous Multi-wavelength 
Anomalous Diffraction (SMAD), employing a variable bandwidth curved crystal 
monochromator (polychromator) coupled with an energy selecting grid plate has 
been developed. The preliminary data collected of a myoglobin crystal were er- 
formed at the X6A beamline at the National Synchrotron Light Source (NSLS P . It 
has demonstrated the ability to measure reflections at six different wavelengths and 
their Bijvoet pairs at the same time. On one diffraction image, we record both the 
dispersive and Bijvoet information from a myoglobin crystal for Multi-wavelength 
Anomalous Diffraction (MAD) phasing. 

* Work is sponsored by the US Department of Energy, Office of Basic Energy Sciences, 
Division of Materials Sciences, under contract W-31-109-ENG-38 and the Howard Hughes 
Medical Institute. 

DETERMINATION OF METAL-METAL INTERACTIONS AND 
COORDINATIONS STATES OF A MODEL COMPOUND FOR X6B 
PHOTOSYNTHESIS 
L. Chen, M. Wasielewski, W. Svec, K. Huang, P. Montano 

Chlorophyll dimers play very important roles in energy and electron transfer in 
natural photosynthesis. In order to study the dimers in natural photosynthesis, the 
interactions between the macrocycles in the dimers have been studied via various 
optical spectroscopies and magnetic resonance via various synthetic model com- 
pounds. One of such model compounds is bismetalchlorophyll cyclophane, where 
two chlorophyll macrocycles are connected via two cyclophane linkages. However, 
the structural detail of such compounds in solution, distance between the macrocy- 
cles, the coordination numbers and their correlation with the photophysical prop- 
erties of the compounds was not available. We studied the metal-metal interaction 
and the coordination states of the central metal in covalently linked chlorophyll 
dimers with different central metal atoms (Zn+2, Ni+2, and Cu+2) using XAS. 
The metal-metal interaction determines the distance between the two chlorophyll 
rings. This distance and the coordination state of the central metal atom 

i 
square 

planar, pyramid or octahedral) are correlated to the photophysics of the mo ecules. 
We observed a possible metal-metal interaction in bis-zinc-chlorophyll cyclophane 
in toluene solution with a Zn-Zn distance of 3.5 Angstroms and that interaction 
disappears when pyridine, a strongly binding ligand, is added into the solution 
(see Figure 1). This metal-metal interaction, however, was not observed in corre- 
sponding Cu and Ni compounds, indicating that the configuration of the dimer is 
strongly determined by the properties of the central metal ions. The coordination 
states of the Ni bischlorophylls are strongly dependent on temperature, where the 
hexa-coordination is observed at the 200K or below, and square-planar and penta- 
coordination is observed at 290K ( see Figure 2). This indicated that the ligands, 
such as pyridine and pyrazine, can be used as probes for the conformation of the 
chlorophyll dimers. We are continuing this study to further investigate the con- 
formation and photophysics correlation in these molecules and what we can learn 
about natural photosynthesis from photophysics of the bischlorophylls. 

0 2 4 0 
R(Angstroms) 

Figure 1. FT-EXAFS of Zn-bis chloro- 
phyll without and with pyridine in solu- 
tion at 290K. 
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Figure 2. XANES of Ni-chloroophyll and 
biichlolrophyll complexes. 



In-Situ X-ray Diffraction Study of Langmuir Blodgett Deposition * 1 X6B 
M.K. Durbm, A. Malik, A.G. Richter, R.S. Ghaskadvi, and P. Dutta (Northwestern 
University), and K.G. Huang (Argonne National Lab) 

We used grazing incidence diffraction to study the Langmuir-Blodgett (LB) depo- 
sition process. A comparison of the results of X-ray studies of e-situ LB films’ and 
their precursor films on water’ demonstrates that there is no obvious correlation 
between the phase of a monolayer on water and the phase on the solid substrate 
after deposition. In particular, monolayer films of fatty acids on solid substrates 
have been generally found to be untilted and hexagonal, even when deposited from 
a phase which is known to have tilted molecules and a distorted hexagonal (DH) 
lattice. It is not clear when or how the transition from the phase observed on the 
liquid to the phase observed on the solid takes place. The change might take place 
as a function of distance from the water meniscus, or it might occur as a thin layer 
of water between the monolayer film and the substrate dries. With our in-situ X- 
ray trough, we could study the film as it was deposited, while the temperature and 
humidity remained the same. We were able to observe structures similar to those 
seen on the water surface; in particular we observed distorted hexagonal and tilted 
phases at low temperatures. Figure 1 (top) shows a contour plot of diffraction data 
taken from a heneicosanoic acid (C zr acid) monolayer on a water subphase pH=2). 

b Figure 1 (bottom) is data from a Czl acid monolayer deposited on a glass su strate. 
The data from Fig. 2 was taken during deposition (the beam spot was 2mm above 
the water meniscus). The fact that there are two peaks indicates a DH structure 
and the fact that one peak is off-plane (K, > 0) indicates that the molecules tilt 
towards a nearest neighbor. As temperature was increased, the monolayer became 
hexagonal, as is observed on the water surface as well. However, upon decreasing 
the temperature, we were not able to recover the original distorted hexagonal phase. 
1. M.C. Shih, J.B. Peng, K.G. Huang, and P. Dutta, Langmuir 9, 7’76 (1993) 
2. B. Lin, M.C. Shih, T.M. Bohanon, G.E. Ice, and P. Dutta, Phys. Rev. Lett. 65, 
191 (1990) 

1 Magnetism of ordered and disordered FesPt by MCXD 1x6~1 

K. J. Gofion, C. W. Kimball (NIU), P. L. Lee (ANL), C. Yahnke(NIU), P. A. 
Montano, M. Engbretson (ANL) 

We studied element and orbital specific magnetism of the FesPt invar alloy at 
the Ls and Lz edges of Pt, as well as K edge of Fe. Circularly (60%) polarized 
x-rays were incident normal to the sample surfaces. The samples were magnetized 

P 
erpendicular to the surface with a field of 1T. The MCXD signals for the ordered 
disordered) alloy are 14% (20% 

signal at the Ls and Lz edges o 2 
at Lz edge and 12% (18% at Ls edge. The MCXD 
Pt are of opposite sign. 4 he K edge MCXD of Fe 

exhibits a complicated structure of positive and negative peaks. The L edge results 
are used to estimate orbital and spin magnetic moments of Pt. 

This work is supported by the Department of Energy under contract O-31-109- 
Eng-38 and NIU-HECA/State of Illinois. 

Figure 1. MCXD at Ls edge of Pt for 
heat treated (ordered) FesPt. 
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Figure 1. 
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Figure 2. MCXD at Ls edge of Pt for 

2 * This work was supportedby the U.S. Dept. of Energy grant no DE-FG02-84ER45125. 
cold rolled (disordered) FesPt. 

hw k-w P-w be”, 

Figure 3. MCXD at Lz edge of Pt 
heat treated (ordered) FesPt. 
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Figure 4. MCXD at La edge of Pt for 
cold rolled (disordered) FesPt. 



X-ray diffraction studies of non-sulphur self assembled monolayers 1 X6B 

A. Malik, M.K.Durbin, A.G.Richter, D.J.Campbell, C.A.Mirkin, P.Dutta (North- 
western Univ.) and P.Lee (ANL) 

Spontaneously adsorbed monolayers have received much attention for their po- 
tential in tailoring surface properties for a variety of applications. Some adsorbate 
molecules not only form chemical bonds with surfaces but also self-organize into 
highly ordered structures referred to as self-assembled monolayers (SAM). We and 
other groups have deposited SAMs of thiols on Au(ll1) and studied their structures 
by in-plane X-ray diffraction and AFM. We have analyzed SAMs of azobenzene- 
and fullerene-terminated alkanethiols by these techniques. 

The chemical nature of the thiol-Au interaction has not yet been elucidated. 
Many feel that the nature of surface attachment involves an Au-thiolate bond, 
but others have postulated that the sulfur atoms dimerize on the surface to form 
disulfide-like structures. Many questions remain concerning the relative importance 
of adsorbate-surface interactions, intermolecular interactions, and kinetic barriers 
to surface mobility. To probe this issue we have synthesized octadecaneselenol and 
created SAMs of these molecules on Au 111). Preliminary results indicate that the 
structure of these films are somewhat 6 ifferent than that of dodecaneselenol. We 
find that the adsorbates form a hexagonal structure, rotated 30’ from the Au(ll1) 
lattice, with nearest neighbor spacing of 5.7A. A radial scan along the R30’ direction 
is shown in figure la. The film thickness was estimated to be ~20A from the rod 
scan (figure lb). By comparing the annealing properties of these monolayers to 
that of octadecanethiol SAMs we can learn more about the relative strengths of 
surface-adsorbate interactions and the relative barrier associated with site-to site 
exchange. 
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Effect of the cation on the structure of fatty acid salt Langmuir- X6B 
Blodgett films 

A. Malik, M. K. Durbin, A. G. Richter P. Dutta (Northwestern University), P. Lee 
and K. Huang (Argonne National Laboratory) 

Using surface x-ray difractionwe have studied Langmuir-Blodgett films of fatty 
acid salts containing lead, cadmium and calcium cations. We find that both the 
in-plane and off-plane structures of these films change as a function of the cation 
present. Both the lead stearate and cadmium stearate multilayers have a distorted 
hexagonal (centered rectangle) in-plane unit cell. In contrast the calcium arachitate 
multilayers have a triclinic structure triangular unit cell with all sides of different 

\ lengths). The structure normal to p ane is also very different in these systems. 
While the lead samples show long range positional correlation along the surface 
normal direction (at least up to 4 monolayers), the correlation only extends to two 
monolayers in the cadmium samples. In the calcium samples there is no correlation ’ ’ 
between layers. 

Radial scans for the three kinds of multilayers studied are shown in figure 1. The 
two peaks for the lead stearate film correspond to rectangular unit cell dimensions 
a=‘7.33A and b=4.98& while the cadmium stearate peaks correspond to a=7.57A 
and b=4.84A. The area per molecule is ~18A in both cases. The three peaks in 
the calcium data correspond to unit cell dimensions a=4.77A, b=4.45& c=5.11A. 
The area per molecule in this system is 19.57A2. 

The rod scans at the 1.53A-’ peak for the three systems are shown in figure 2. 
From the width of these peaks we estimate the correlation lengths in the surface 
normal direction to be lOOA, 5OA and 25k for lead, cadmium and calcium multilay- 
ers. These correspond to 4 layers, 2 layers and 1 layer respectively. The tilt angle 
of the chains is 8-9O in all three cases. 

l)A.Malik, M.K.Durbin! A.G.Richter, K.Huang and P.Dutta, Phys. Rev B 52, 
654 2)A. Malik, M.K.Durbm, A.G.Richter, K.Huang and P.Dutta, Thin Solid Films 
in press. 

This work supported by US Dept. of Energy grant no. DE-FG02-84ER45125 

Figure 1. Radial scans for a 5 lay- 
ered lead stearate, 5 layered cadmium 
stearate and 6 layered calcium arachitate 
films. 

Figure 2. Rod scans at the k,,=1.53A-’ 
peak for the three systems. 
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1 Incipient stage formation of porous silicon * lX6BI 
H. You, K. Huang, and S.S. Yoo, Z. Nagy (ANL) 

It has been widely recognized that porous silicons or porous semiconductors in 
general are potentially very important materials for future industrial applications. 
Their main characteristic for potential applications is luminasence at visible ranges. 
In addition they can easily be manufactured with or into the existing silicon-based 
electronic devices with anodic dissolution technique. However, In spite that the wide 
recognition of importance of the materials and intense research of the materials 
a relatively little attention is given to and little is known about how the anodic 
dissolution process initiate the formation of the pores at the interface and proceed 
to the deeper into the samples. This motivated us to perform the in-situ x-ray 
scattering investigation of solution/silicon single crystal interfaces. 

In this study, we examined pore formation at the surface of p-type silicon with 
a resistance of 0.015 n/cm. HF:HzO:CzHs0=1:1:2 solution was used and current 
densities were varied between 10 mA/cm2 to 200 mA/cm2. 

An example set of x-ray reflectivity scans is shown in Fig. 1. The top most scan 
is the scan for a fresh sample surface before dissolution begins. The surface oxide 
has been removed by the solution leaving the bare silicon (100 

1 
surface exposed 

to the solution. All the reflectivity scans are linear in the log- og scale at large 
angles. In addition, the slop of the reflectivity changes initially but does not after 
a few successive dissolutions. On the other hand, the critical angle, above which 
the reflectivity starts significantly deviates from a constant value, gradually but 
persistently decreases throughout the entire set of successive dissolutions. The 
density estimated from the critical angle of the last scan is as small as 40% of the 
original silicon density. From this observation the process of anodic dissolution in 
forming porous silicon favors a pore shape which is cylindrically symmetric and 
the radius changes with a power-law regardless of the pore density or length. A 
theoretical understanding of this phenomena will be important in any attempt to 
modeling of the anodic dissolution. 

Figure 1. A series of x-ray reflectivity scans made after successive dissolutions of 
silicon. The scans are vertically offset for clarity. 
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Structure of “BaTaNz.l?l” from a combination of x-ray and neutron 
data * 

X7A 

V. Balbarin, F. DiSalvo (Cornell), H. Yamane (Sendai) J. Parise (StonyBrook) 

The title phase was prepared from the reaction of a pressed pellet of nitrided 
barium and tantalum (V) nitride in a 1:l metals ratio at 1400 ‘C for 3 hrs under 
a blanket of clean nitrogen gas. Chemical analysis performed on the fine, purple 
powder returned 8.55% N and 52.82% Ta by mass; at that time insufficient sample 
was available to allow an analysis for Ba. The analysis suggests the stoichiometry 
BaTaNz.1, normalized to 1Ta. 

The x-ray diffraction data, collected at X-7A at X=0.69827(1) A using a position 
sensitive detector, Ge(ll1 monochromator, and sample in a 0.3mm dia. capillary, 
could be indexed on the k asis of a hexagonal unit cell. The data are consistent 
with preliminary evaluations of the sample at Cornell; a=6.03 and c=lO.ll A. The 
structure was solved using the x-ray data and Patterson techniques in space group 
P6s/mmc and was confirmed to be similar to the high temperature form of the 
hexagonal perovskite BaMnOs-,. 

Further refinement was carried out using a set of neutron powder diffraction data 
collected at room temperature at the HFBR. The refined model can be summarized 
as follows: BaTaNz.1, a=6.0274(4), 10.1055(‘7) A; P6s/mmc; Ta(l) at site 4f (l/e, 
2/s, -0.099(l)) Ba(1) at site 2d (l/s, 2/s, r/h) Ba(2) at site 4e (0, 0, 0.0446(a)) with 
occupancy 0.5 N(1) at site 6g (0, r/z, 0) with occupancy 0.92(l) N(2) at site 6h 
(0.795(l) 0.590(l), ‘/ 

The 2 
4 

rsplacement 
with occupancy 0.48(l)) 

parameter for the sites occupied by met&~ was refined to a 
value of 0.022(l) A2; for th e sites occupied by nitrogens it was fixed at 0.02 A2. 
The refined values of the occupancies for the N-composition is close to that expected 
from the chemical ,analysis - Nz,: per Ta site. The distribution of vacancies in the 
~xap;enal perovskrte structure 1s not random however, being concentrated m the 

9’ . 

* This work was supported by NSF Grant No. DMR93-1003. 
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F $ High Pressure and Low Temperature Study of the LTO to LTT Phase 
Transition in Lar.avsBae.lzsCuO4 

X7A 

M.K. Crawford, R.L. Harlow, E.M. McCarron (DuPont); S.W. Tozer (NHFML, 
Florida); D.E. Cox (BNL) 

We have performed a high pressure, low temperature x-ray diffraction study of 
the LTO to LTT structural transition in Lai.svsBas.izsCuOa. This phase transition 
leads to a drastic suppression of superconductivity which is not yet understood. 
The reported partial restoration of superconductivity under pressure stimulated 
our study. The structural work was performed using a Merrill-Bassett diamond 
anvil cell with a 4:l methanol to ethanol pressure medium. The hydrostatic nature 
of this medium is illustrated by the diffraction pattern shown in Figure 1. The 
diffraction linewidths are limited by the position sensitive detector resolution of 
0.05 degrees. Measurements at a number of temperatures and pressures suggest 
that pressure first stabilizes a Pccn low temperature phase. Higher pressures lead 
to the 14/mmm high temperature phase becoming stable at all temperatures from 
300 K to 15 K. 

Polyureo Spectrum 
2.0 1-1 

BO Speclrum 

‘“m 

Figure 1. 

Study of local atomic order in Pd-Ni-P glasses using resonant x-ray X7A 
diffraction * 

W. Dmowski and T. Egami (U. Penn.), Y. He and Il.. Schwarz (OS Alamos) 

We have studied short range atomic order of three Pd40N4sPzs metallic glasses, 
annealed at different temperatures, by resonant x-ray scattering at the Pd K, ab- 
sorption edge. Using the energy dependence of the atomic scattering factor we 
obtained total and differential structure factor and then by Fourier transform, dif- 
ferential pair distribution function. The Pd differential pair distribution function 
describes distribution of atoms in the structure with the Pd atom in the origin and 
allows to study changes in environment of this atom. We examined quantitatively 
many experimental factors affecting experiment near the absorption edge like energy 
dependence off and proper selection of energy windows monitored by detector to 
account for fluorescence and Compton scattering. We measured the ratio of K,/Kb 
above the edge to correct for K, fluorescence. We determined, frequently neglected, 
polarization of the primary beam. Figures 1 shows obtained differential structure 
factor correctly normalized at high Q. Figure 2 presents average (solid line) and 
differential pair distribution function. 

Results show that P-Ni and P-Pd form shortest distances in the structure. The 
annealing of the glass at high temperature leads to short range ordering of P atoms 
which may be responsible for the observed embrittlement. 

Figure 1. Differential structure factor 
obtained at Pd K, edge. 

* The work at U. f Penna. was supported 
by the NSF Grant DMR9120688. 

RIAI 1 

Figure 2. Average (solid line) and dif- 
.ferential pair distribution functions for 
Pd-Ni-P metallic glass obtained at the 
Pd absorption edge. 



Structure of CeOz overlayer studied by energy dispersive x-ray diffrac- 
tion. + 

X7A 

W.Dmowski, S.Fu and T.Egami (Univ. of Penn), 

One of the experimental difficulties we encounter in carrying out the surface x-ray 
scattering measurement is that the scattered intensity tends to be very low, since 
the scattering volume is small and the Bragg peaks are spread normal to the surface 
forming rods. Accordingly a linear detector is often used in order to achieve parallel 
photon counting. An alternative, and sometimes superior, method to overcome this 
problem is to use the energy dispersive x-ray diffraction technique (EDXD). This 
method uses a white radiation source, and the structural information is obtained 
by the spectroscopy of the diffracted x-rays measured at a fixed diffraction angle. 
The spectrum of the diffracted rays is obtained by the use of a solid state semicon- 
ductor detector, such as an intrinsic Ge or Li-drifted Si detector, combined with a 
multi-channel pulse height analyzer (MCA). Using the EDXD method at a grazing 
angle incidence, in the evanescent wave regime, we studied the atomic structure of 
ceria (CeOz overlayers deposited on the 

J a!i 
001) surface of a cubic Yttrium stabilized 

zirconia (Y Z, ZrOs/Y20a single tryst . 
the MCA that was obtaine d 

Figure 1 presents a spectrum stored in 
at 2q=26.13 degrees with the sample in the [l 0 0] di- 

rection aligned along the scattering vector. The rection aligned along the scattering 
vector. The incident and final angles (the angles the incident incident and scattered 
beams make with the surface of the sample), ai and af, were set above the critical 
scattering angle. The well defined diffraction pattern from the CeOz overlayer in- 
dicates that it forms an oriented epitaxial thin film on the zirconia crystal. In this 
work we have demonstrated that the energy dispersive mode can be successfully 
used in surface diffraction studies. We were able to observe characteristic features 
such as the transmissivity and truncation effects on the diffracted intensity. The 
main advantage of using the energy dispersive mode is high intensity of the scat- 
tered x-rays. This allows us to collect data fast and from even smaller scattering 
volumes. Additionally a family of Bragg diffraction peaks that line up in the same 
direction can be observed at once. Furthermore, monitoring the fluorescence from 
various elements can be used to study the concentration depth profile. 
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Figure 1. Diffraction pattern in energy dispersive mode from the surface overlayer 
of CeOz and single crystal zirconia substrate. 

* Supported by National Science Foundation. The work at University of Pennsylvania 
was supported by the NSF Grant DMR91 20688. 

1 Interfacial Structure of Giant Magnetoresistance Fe-Cr Multilayers * 1 X7A 1 

W.Dmowski,D.Louca,T.Egami (U.Penn), D.Kelly and I.Schuller (UCSD) 

Fe-Cr multilayers exhibit giant magnetoresistance effect which depends strongly 
on the preparation con tions. It is observed that GMR effect can be significantly 
enhanced, up to 300%, by increasing AI pressure, from 4 to 12 mTorr, during dc 
sputtering while other parameters are kept constant. There are many stu es indicat- 
ing the role of the interfacial structure on the magnetoresistance effect. To elucidate 
this point we have performed x-ray ffraction study of three Fe(30A)/Cr(12A)]lO su- 
perlattices which had been sputtered in 4, 7, and 10 mTorr of Ar. We used position 
sensitive detector in horizontal setup to collect simultaneously specular scattering 
intensity (Qz perpendicular to the film) and off-specular intensity with Qy parallel 
to the plane of the sample. This technique [l 
in-plane sorder such as interface roughness or d 

allows to study the effect of the 
efects at various length scales. In 

conventional low angle diffraction analysis the effect of interdiffusion or intermixing 
cannot be separated from the interface roughness. From our study we found that 
with increasing Ar pressure, there are changes at the interface at three different 
length scales. The height-height fluctuation function shown in the Fig. 1, is a two 
- dimensional Fourier transform of the intensity in the &x-&y plane and describes 
interface roughness. It shows that at large lateral spacing interface roughness is 
increasing with Ar pressure. This effect is likely to affect magnetization process. 
However, at short lengths interface becomes smoother which may lead to the in- 
creased electron mean free path. From the integrated in the Qx- Qy plane intensity 
we were able to deduct that there was more interface inter ffusion with higher Ar 
pressure. Intermixing at the interface can randomize spin dependent scattering 
potential which would lead to bigger magnetoresistance effect. 

1. X. Yan and T. Egami, Phys. Rev. B 47, 2362 (1993) 

* The Work at U.Perm was supported by the NSF Grant DMR91 20688 
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2 Cu+l and Fe+3 occupancy in Cuo,sFez.s04 IX7AI 

T. T. Eagen (Alfred U.), D.E. Cox (BNL), S. Dattaguru, and R.L. Snyder (Alfred 

U*> 

A copper ferrite sample (Cuo.sFez.sO4) was processed from CuO and FezOs. 
These two compounds were taken in stoichiometry, calcined initially at 950 ‘C, 
ball milled, sieved to -325 mesh, heated to 1350 “C in a platinum crucible, and 
then rapidly quenched into motor oil which was being simultaneously stirred. An 
initial literature survey indicated that the crystal system was cubic [l], the space 
group was Fd3m [2], and the oxygen site and lattice parameter were 0.388 and 
8.413(3) A. The sample was run on the X’7A beam line at Brookhaven National 
Laboratory. Three runs were performed using capillary samples at three separate 
wavelengths, l.‘7440A, 1.3802A, and 1.5OOOA. The powder patterns were then re- 
fined in a two-step process profile fitting followed by structural refinement) with 

b PROFPV (version 3.2 by To y and D.E.Cox,1989). Absorption correction was ob- 
tained using ABS (VAX program at BNL,1995). The refined lattice parameter 
and ion occupancies for the 1.7440A pattern were determined to be 8.41550(3@ and [~~~.~~~~~~~~~.~~~~~~l[~~~.~~~~~~~~~.~~~~~~l~~. The intensity R-factor of the re- 
finement was 2.94, the weighted R-factor was 4.83, and the residual was 4.95, as 
indicated by the profile fit in Figure 1. 

11 1 E. Prince, and A. G. Treuting, Acta Crystallographica, 9, 1025 (1956). 
2 N. F. M. Henry, and K. Lonsdale, International Tables for X-Ray Crystallog- 

raphy, Vol.1, the Kynoch Press, 340 (1965). 
[3] J. Mexmain, Ann Chim, Centre Industrield’Eveux, 297 (1971). 

120 

Figure 1. The experimental data (X=1.744019) and a Rietvelt fit of the profile. 

PHASE IDENTIFICATION IN GAS-ATOMIZED REzFer4B AL- X7A 
T,OYS * 

L. Henderson Lewis (BNL), C. H. Sellers (INEL), V. Panchanathan (Magnequench) 

The process of inert-gas atomization IGA is being explored as a method to 
produce precursor powders based on the 63 Ez er4B composition for the formation 
of isotropic bonded magnets. IGA has several advantages over the conventional 
melt-quenching method: it can produce a large quantity of powder in one step, 
and it has the potential to be significantly more economical. Initial experiments, 
however, have proven that the IGA starting ingot composition must be strongly en- 
riched in both rare-earth and boron contents in order to obtain magnetic properties 
comparable to the conventional bonded magnets. We present here results obtained 
by x-ray diffraction performed on various powder size fractions of both as-quenched 
and annealed alloys produced by the IGA process to determine the identity of the 
impurity phases present and the degree of crystallinity of the primary REzFer4B 
phase. 

X-ray diffraction patterns were obtained in air at room temperature in the range 
10’ 5 2Q 5 40’ with wavelengths in the range 0.9 A - 1.1 A on samples made of 
commercial grade alloys with the following nominal compositions: 

Fe14 Ndo.ssDyo.orPro.or 2.93 Bo.azAlo.os)1.33 

I Fe14 Ndo.szDyo.orPro.ol I I 2.90 Bo.e6Al0.4)1.32 ( B 
Batch 434-2); 
atch 435-2); 

and Fel4(Ndo.QsDyo.o7)2.s4B1.zs (Batch 447). Each sample was divided into vari- 
ous size fractions from less than 5 mm to more than 150 mm. The following results 
were obtained: 

1). All size fractions consist overwhelmingly of the well-crystallized REzFer4B 
phase, with no significant amorphous component. The background signals of the 
smaller, unannealed samples are always higher than that of their larger or annealed 
counterparts; additionally, the peak widths are always smaller for the larger and/or 
annealed size fractions. 

2 
I 
. The amounts of impurity phases are very small, but they are often unidenti- 

fiab e. This is not a surprising result because the highly non-equilibrium nature of 
the IGA process would be expected to produce metastable phases. 

3). When the impurity phases could be identified it was found that the larger 
size fractions invariably contained a-Fe! an undesirable product in the formation of 
permanent magnets. Upon annealing rt was consistently found that the intensity 
of the a-Fe signal decreased while that of the g-Fez03 signal increased, indicative 
of iron oxidation in low-oxygen environments. Other impurities were found to be 
hexagonal REzO3 and a-FezOs. 

4). Least-squares determinations of lattice parameters indicate that the nature of 
the 2-14-l phase differs with both particle size and annealing. In specific, it is found 
that the c-parameter of unannealed portions of Batch 435-2 decrease smoothly as 
particle size increases, a result that we have interpreted as indicative of a segregation 
of Dy to the larger-sized particles. Additionally, it is consistently found that the 
c-parameters decrease upon annealing. 

* Research performed under the auspices of the U.S. D.O.E., Division of Materials 
Sciences, Office of Basic Energy Sciences under Contact No. DE-AC02-76CH00016 

. 



Crystal Structure of ZrzNiDs 1 X7A 

C.J. Howard, M.M. Elcombe (ANSTO), S.J. Campbell (ADFA) and D.E. COX 

WL) 
The synchrotron work reported here was undertaken in support of a neutron 

diffraction study of the crystal structure of (nominal) ZrrNiDs. 
The initial measurements were made at room temperature. The first was made 

with the sample in a 0.45 mm capillary using 0.08 nm X-rays, the second was from 
a flat plate sample at wavelength 0.15 nm, and the third from a flat plate sample 
prepared after sieving using 0.1294 nm X-rays. Note that an X-ray pattern had 
been recorded earlier using BigDiff at the Photon Factory, Japan. 

The pattern recorded at room temperature at 0.08 nm 
\ 
Figure 1) closely resem- 

bled that from tetragonsl ZrsNi, but with the high reso ution of the X7A peak 
splitting indicative of a triclinic distortion could be seen. A reasonable fit could 
be obtained assuming a body-centered cell with a=0.6802, b=0.6812, c=O.5691 nm, 
(r=90.22, p=89.83,7=89.68’. There was some evidence of even more peak splitting, 
and the presence of additional peaks not indexed on the above cell was confirmed 
by the measurements made at longer wavelengths. 

Further measurements were made with a capillary sample, using wavelength 0.08 
nm, at temperatures above room temperature. At 106’C, the highest tempera- 
ture measured, the main phase was clearly tetragonal (Figure 1), with a=0.6816, 
c=O.5675 nm. Additional weak peaks, not indexed on the tetragonal cell, were 
attributed to a second phase present in small amounts. On cooling (below about 
95’C), the main phase transforms to a lower symmetry (triclinic) structure and 
the minor phase persists. The minor phase is thought to be responsible for the 
unaccounted peaks seen at high resolution at room temperature. We are presently 
examining the higher temperature patterns in an attempt to identify the second 
phase present in our sample. If successful in this, we are confident a two-phase 
analysis of the X-ray and neutron data will lead to a complete structure solution. 

(0 II a 
20 &es*, 

x) 24 40 

P 
Figure 1. Diffraction patterns from ZrsNiDs recorded at 0.08 nm using X7A. The 

? 
upper pattern was recorded at 106’C and the lower at room temperature. 

Structural Analysis of Lao.vSre.3Mn03 Above and Below the Curie 
Temperature 

X7A 

Michael C. Martin, D.E. Cox, and G. Shirane (BNL Physics), Y. Endoh and K. 
Hirota (Tohoku University), Y. Moritomo and Y. Tokura (University of Tokyo and 
Joint Research Center for Atom Technology) 

Las.rSrs.aMnOs is in the family of the recently discovered giant magnetoresis- 
tance (GMR) materials which is caused by an as yet unknown mechanism. It is 
a metallic ferromagnet with a Currie temperature of N 380K. The structure of 
Las.rSro.sMnOs is known_ to be rhombohedral with an R26 phonon mode conden- 
sation resulting in an R3c point group [3]. W e acurately measured the a and c 
hexagonal unit cell lattice constants as a function of temperature, as shown in Fig- 
ure 1. As the sample is cooled through the Currie temperature, a decreases more 
rapidly causing a decrease in the unit cell volume. 

Full Rietveld analysis was carried out on powder diffraction scans at sample 
temperatures of 433K (above T,), 298K, and 14K. We did not find evidence for any 
static Jahn-Teller type distortions above or below T,. Nor did the Debye-Wailer 
factor for the oxygen atoms agree with a recent polaron theory [4] which expected 
it to decrease below T,. 

We conclude that the structure of Lao.?Src.sMnOs is Rfc at all temperatures and 
that polaronic effects above T, are small rf any. Further studies will include different 
stoichiometries to explore the relations between structure and GMR phenomena. 

Michael C. Martin et al., Phys. Rev. B to be pubtished. 
A.J. Millis et al., Phys. Rev. Lett. 74, 5144 (1995). 

LawSrwMnO~ Hcxajional Cell 

JO0 a*0 0.0 380 380 400 .*o 440 160 
g/7/95 Temperature (K) 

Figure 1. Rfc lattice parameters as a function of temperature. The hexagonal unit 
cell is used; solid lines are fits to quadratic temperature dependencies and the error 
bars are shown smaller than the data point symbols. 
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F 8 1 Ab-initio structure solution from powder data using resonant scatter- ( _-_ . 1 
ing * 

R. J. Papoular, D. E. Cox (BNL), and W. Prandl (U. Tubingen) 

K’IA 

In a recent paper, a method was proposed for the ab-initio solution of unknown 
structures based on the derivation of partial Patterson maps of resonant scattering 
atoms from synchrotron x-ray powder data obtained at three different wavelengths, 
two close to the absorption edge and one off-edge 11. We have applied this method 

L for the first time to high-resolution powder data co ected from a reference material, 
SrSOd, at energies about 13, 256 and 5132 eV below the Sr K-edge. The sample 
consisted of a weighed mixture of SrSO+ and diamond dust loaded into a glass 
capillary, the diamond serving as an internal standard to allow scaling of the three 
data sets on an absolute basis in the subsequent analysis. 

A key feature of the work was the use of Maximum Entropy methods to allow 
for reconstruction of a Patterson map from both non-overlapped and overlapped 
peaks which is as noiseless and as free of truncation effects as possible, as shown 
in Fig.1. In this simple case, the coordinates of the Sr atoms can be obtained 
directly from the entropic Patterson sections. Not only does this procedure yield the 
Patterson Fourier coefficients, but also the cross-terms between the normal structure 
factor and the purely Sr part, from which it is possible to derive the phases of the 
non-overlapped reflections in the off-edge data set. Maximum Entropy methods 
were then used to reconstruct the total electron density of SrS04) following which 
structure refinement was completed with standard Flietveld techniques. 

[l] W. Prandl, Acta Cryst. A50, 52 (1994). 

sr on,, PATT’BRSON - z=o 
Sr m.1, PATTBRSON - S=S. lo sr ml, PATTERSON - 2~0. SO 

Figure 1. Partial Patterson maos of Sr alone for sections at z = 0.0. 0.19 and 0.50 
respectively, from which Sr coordinates 0.16,0.25,0.19 are deduced. ’ 

The Symmetry of Garnets on the pyrope (MgsA1&012) - enstatite X7A 
(MgSiOs) join. * 

J. B. Parise, Y. Wang (SUNY, Stony Brook), G. Gwanmesia (Delaware State, 
Dover), J. Zhang, R. C. Liebermann and D. J. Weidner (SUNY, Stony Brook) 

Garnet phases rich in the majorite component, the high pressure polymorph of 
enstatite (MgSiOs) are considered important constituents of the earth’s upper man- 
tle above the 6’70-km velocity discontinuity. While most garnets along the important 
compositional series from enstatite to pyrope (MgsAlzSisOrz) are thought to be cu- 
bic, the (MgSiOs)-rich members of this series are considered to be tetragonal. The 
end-member composition, MgSiOs, has been studied by x-ray scattering methods 
and determined to be tetragonal [1,2]. We have begun an investigation of the join 
with the intention of determining the symmetry, equations of state and acoustic 
properties of the materials in this series. 

Four compositions along the Mg4Si4012 (Mj) - MgsAlzSi3012 (Py) join were 
synthesized at 50%, 57%, 75% and IO%Mj. These preparations were carried out 
at approximately 17 GPa and 2000 K in the 2000-ton uniaxial split-sphere appa- 
ratus (USSA-2000) at the Stony Brook High Pressure Laboratory. Because the 
distortion from cubic is expected to be subtle (c/a 5 0.996) powder diffraction 
data were collected in high resolution mode at a wavelength of 1.2081(l) A using a 
Ge 111 

l! 1 
/Ge(220) monochromator/analyzer combination. 

rofi e-fitting of peaks in the region of the cubic 400 reflection clearly shows the 
Mj80 sample possesses tetragonal symmetry and that the samples Mj50, Mj57 are 
cubic. The 400-reflection of the Mj75-sample on the other hand is broadened by 
some 50% with respect to the other samples. 

Bietveld refinements were carried out with data sets collected on samples of Mj75 
and Mj80 using a position sensitive detector. 
symmetry previously obtained for MjlOO [2] 

A model consistent with the 141/a 
was refined successfully for the Mj80 

sample, while a model with cubic 
Mj75. However, close inspection 

Ia3d) symmetry was refined using the data from 
o I the of the Mj75-pattern revealed two very weak 

reflections, less than 1% of the strongest intensity, consistent in position to those 
expected for the tetragonal symmetry. Based on these data the change from cubic 
to tetragonal symmetry has been tentatively placed at the composition just below 
Mj75. 

Kato and Kumazawa (1985) 
Angel et al. (1989) Am. Mineral. 74, 509-512. 

* Work at X-7a supported under US DOE contract DE-AC02-76CH00016; The Stony 

* 
Brook High Pressure Laboratory supported by the State of New York and the NSF through 
its Science and Technology Initiative Grant to CHiPR. 



Structural studies of the metal-insulator compounds BaVS.3 and 
Lal-,Ca,MnOs 

X7A 

P.G. Badaelli (ILL), M. Marezio (CNRS-Grenoble, AT&T) and D.E. Cox (BNL) 

BaVSs has long been regarded as one of the most interesting one-dimensional 
compounds displaying a temperature-driven metal-insulator (M-I) transition 

k 1 
~80K as well as a hexagonal-orthorhombic structural phase transition ~240K). 
ecent y, considerable attention has been devoted to another M-I compound, the 

perovskite manganese oxide Lar-,Ca,MnOs. In this system, for 0.2<x50.4, the M- 
I transition is coupled with ferromagnetic spin ordering, and TM-~ coiucides with 
the Curie temperature Tc. Both temperatures are raised in an applied magnetic 
field, thereby producing a giant magnetoresistive (GMR) effect. For ~~0.5, with 
decreasing temperature, the compound becomes first ferromagnetic ~225K), then 

6 antiferromagnetic (~155K), due to competition between double exe ange and su- 
perexchange magnetic coupling. Temperature-dependent data were obtained at the 
X7A beamline on well-characterized powder samples of BaVSs and Lar-,Ca,MnOa 
(x=0.25, 0.50 and 0.67), using a wavelength of 0.7015A and a Ge(220) analyzer crys- 
tal in the diffracted beam. The structural and M-I transitions of BaVSs are evident 
in the behavior of the lattice parameters and of the unit cell volume (Figure 1). In 
particular, the data confirm the second-order nature of the structural transition, 
and indicate that, at the M-T transition, there is a sudden volume increase with 
decreasing temperature, consistent with recently obtained dilatometric results[l]. 
For Lar-=Ca.MnOs, the magnetic and M-T transitions are associated with sig- 
nificant lattice changes. For x=0.25, there is a significant volume contraction at 
To (AV/V~0.0013, Figure 2). This effect is much too large to be due simply to 
magnetostriction, and it is likely to be due to the increase of the metallic nature of 
the bonds[2]. The x=0.50 sam 
ters at the magnetic P 

le show much larger changes of the lattice parame- 
transition 21. Through a relatively broad region with an onset 

at -220K, the b lattice parameter drastically decreases, while those along the a- 
and c- axes increase. Rietveld refinements based on X7A extended data sets, later 
confirmed by neutron powder diffraction data, indicate that these anomalies are 
associated with a Jahn-Teller-type distortion of the MnOs octahedra. 

[l] T. Graf, D. Mandrus, J.M. Lawrence, J.D. Thompson, P.C. Canfiels, S-.W. 
Cheong and L.W. Rupp, Unpublished (1994). 

[2] P.G. Radaelli, D.E. Cox, M. Marezio S.-W. Cheong, P.E. Schiffer and A.P. 
Ramirez, to be published in Phys.Rev.Lett(l995). 

Polymer Fiber Morphology Assessment Using Real Space Analysis of X7A 
X-Ray Diffraction Data 

H. D. Rosenfeld and R. Barton, Jr. (DuPont) 

We have developed a method of assessing polymer fiber morphology using real 
space analysis of synchrotron x-ray diffraction data. This method yields percent 
crystallinity, crystallite size, and a histogram describing the probability of finding 
a crystallite with its c-axis tilted theta degrees from the fiber axis. It is applicable 
to both well-crystallized and poorly crystalline samples, and is independent of as- 
sumptions regarding the so called disordered polymer phase. The method requires 
two diffraction scans per sample (equatorial and meridional), the ability to access 
the momentum transfer range 0.5 Ang-’ <= q <= 18 Ang-‘, low background, 
and high intensity. Since X7a provides the required beamline characteristics, it 
was used to test the method on several samples of NOMEX* aramid. Our results 
demonstrated the ability of real space analysis of polymer fiber morphology, us- 
ing synchrotron x-ray diffraction data, to accurately describe NOMEX* samples 
with widely different degrees of crystallinity and orientation. The method has since 
been tested successfully on Nylon fibers using data collected at the X3al and X20b 
beamlines. 

It is our expectation that it is applicable to a wide range of polymer fiber systems. 
* Registered Trade Mark of the DuPont Company 

Figure 1. Lattice parameters and unit Figure 2. Lattice parameters and unit 

Fr’ 
cell volume of of BaVSs as a function of cell volume of Lae.rsCao.zsMnOs as a 

z 
temperature. function of temperature. 
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td 
‘, Study of atomic structure in PMN single crystal using resonant x-ray y, A 
d 1 diffraction * 

.n.Izl. 

S. Teslic and T. Egami (U. of PA), S. Vakhrushev (Ioffe Inst., St. Petersburg, 
Russia) 

We have studied the atomic structure of a PMN (Pb(Mgr,sNbz,s)Os) single 
crystal using resonant x-ray scattering near the Pb LII~ and Nb K, absorption 
edges. Superlattice peaks 1/2<1,1,1> have been observed in PMN by electron 
diffraction and were used in support of a two-phase Nb/Mg ordering model to 
explain the relaxor ferroelectric behavior of PMN. However, the microscopic origin 
of the superlattice peaks has been controversial, Our results shown below indicate 
that Nb is heavily contributing to this peak, which is consistent with the idea of 
WMg, or Nb/(MrapNb / ) h r 3 , c emical ordering. However, the effective scattering 
factor of this peak is about 6, while for full ordering should be close to DZ = 29. 
This discrepancy cannot be explained by oxygen participation, since oxygen tends 
to move toward Nb6+ which is smaller and higher in valence, thus exacerbate the 
discrepancy. On the other hand, the Pb atoms are displaced toward Mg atoms 
since Pb-Mg repulsion is weaker than the Pb-Nb repulsion. This Pb displacement 
will compensate the difference in the scattering power between Nb and Mg and 
make the effective smaller. Then Pb must be polarized in antiferroelectric manner, 
while the sample has random local ferroelectric polarization resulting in the relaxor 
ferroelectricity. Indeed the data at the Pb edge show a negative contribution to 
the structure factor from Pb but it is too small. We believe that dominant factor 
must include both chemical ordering (possibly forming of Nb and Mg clusters) and 
correlated atomic displacements. 

Pair Distribution Function (PDF) Studies of the Impact of Processing 
Chemistry on Local Order in PZT Solid Solutions * 

X7A 

A. P. Wilkinson (Georgia Tech), S. Teslic, T. Egami (U. Penn.), Q. Zhu, and D.E. 
Cox (BNL) 

An inhomogeneous distribution of cations on the B sublattice of perovskite fer- 
roelectric solid solutions is known to have important consequences for the materials 
dielectric properties. In many materials it leads to relaxor behavior and proper- 
ties that are desirable in devices such as mechanical actuators. The distribution of 
cations in perovskite solid solutions is known in some cases to be dependent on the 
processing conditions used, for example, in lead scandium tantalate. 

We are exploring the impact of sol-gel processing chemistry on solid solution 
homogeneity and the dielectric properties of a series of ferroelectrics including PZT 

6 
Pb[Zrr-,Ti,]Os). Initially, two samples of PZT 33/67 prepared using slightly 
ifferent processing conditions were examined. Data were collected for both samples 

using a wavelength of 0.4986 A over the range Q = 0.6 - 24.3 A-‘. Pair distribution 
functions were calculated for each of the samples using Rosenfeld’s X-ray PDF 
package. The PDFs indicate that the different processing conditions used in the 
preparation of the two samples led to different local structure in the solid solutions. 

Further data analysis and complementary neutron studies are currently underway. 

Figure 1. Intensity of the (l/2, l/2, 5/2) 
peak as a function of energy near the Nb 
K-edge. 

* Work at the University of Pennsylvania 
Figure 2. Intensity of the (l/2, l/2, 5/2) 

was supported by the Office of Naval Re- 
peak as a function of energy near the Pb 
L-edge. * We are grateful to Georgia Institute of Technology for the financial support of this 

search through N00014-91-J-1036. work. 



1 Polymer and dimer formation in alkali-metal intercalated Ceo * 1x74 
Structural and electronic properties of GaN films grown on sapphire 
by molecular beam epitaxy * I I 

X7A 

Q. Zhu (BNL), A. Botchkarev, W. Kim, 0. Aktas, A. Salvador, B. Sverdlov, H. 
Morko9 (U. of Ill.,Urbana-Champaign), S. -C. Y. Tsen, and D. J. Smith (Arizona 
State U.) 

GaN and related materials, thanks to the recent breakthrough [l], have demon- 
strated tremendous potential for applications in short wavelength optoelectronics 
and high temperature/power electronics [2]. Despite the technological importance 
of GaN, correlation between microstructure and the physical properties is still lack- 
ing. 

The structural characteristics of GaN films grown on sapphire substrates by 
molecular beam epitaxy (MBE 

1 
have been investigated using high-resolution syn- 

chrotron x-ray diffraction and e ectron microscopy, and compared to their electrical 
and optical properties. We find remarkable correspondence between the in-plane 
structural order (coherence length and mosaic spread) and the electrical and op- 
tical properties. Contrary to common belief, our observations show unequivocally 
that the out-of-plane structural features, which are considerably better developed 
than the in-plane counterparts, can not be used for determining the material quality 
with respect to their optical and electrical activity. In particular, the (002) mosaic 
spread is not a good indicator of film quality [3]. The structural correlations of the 
GaN film, the AlN buffer layer and the sapphire substrate are explored and com- 
pared to their growth conditions. The issue of in-plane stacking fault (hcp - fee) is 
also addressed using x-ray scans along the (101) direction. We find no significant 
feature of stacking disorder due to fee-to-hcp defects in all these films, which is 
consistent with the TEM observation, 

H. Amano et. al., Jap J. Appl. Phys. 28 L2112, (1989). 
H. Morko9, et. al., Science 267, 51 (1995). 
Q. Zhu et. al. Appl. Phys. Lett. (submitted). 

* This work was supported by the US Department of Energy, Division of Materials 
Science under contract No. DEAC0276CH00016, by NSF Grant DMR-9314326, by the 

4d 
Office of Naval Research with M. Yoder and Dr. Y. S. Park as monitors, and by the Air 

2 
Force Office of Scientific Research with Dr. G. L. Witt as the monitor. H. M. was funded 
by AFOSR under a URRP program. 

Q. Zhu, D. E. Cox, (BNL) and J. E. Fischer (U. of Penn.) 

Rocksalt-type MC& has been a subject of tremendous interest since its early 
discovery [l]. Its high-T structure is similar to the superconducting MaCse com- 
pounds, but with only one charge transfer. Band structure calculations predicted 
rocksalt MC&e to be a metal, however all the experiments indicated otherwise. Sepa- 
rately, NaaMCss exhibits anomalously low T, which deviates from the T, vs. lattice 
constant relation according to BCS theory. 

Synchrotron x-ray powder diffractions revealed common tendency for Cse ions 
in both materials to coalesce and to form dimers [2] and polymers [3,4]. Our 
results [2 

h 
indicated that in competition with polymer formation and with equi- 

librium p ase separation (a-C&e (O<<x<O.l) plus KsCse), the cubic monoanionic 
KCss transforms to a metastable orthorhombic dimer phase with a 9.34 A center- 
to-center separation. It is obtained by quenching from above 423 K to 298 K and 
immediately cooling below 270 K. On the other hand, the cubic trianionic fulleride 
superconductors NazRbCss and NazCsCss exhibit a reversible conversion into or- 
thorhombic polymers under modest pressures (5 3 kbar) and ambient temperature 
[4]. Structure refinement based on high-resolution synchrotron powder x-ray pro- 
files reveals polymer chains with 9.35 A intermolecular separation, comparable to 
that in the metastable monoanionic dimer and polymer phases of KC&e and RbCse 
[2,3]. These examples reinforce current ideas about the necessary conditions for 
fullerene/fulleride intermolecular bonding, namely reduced inter-C&e spacing and 
an adequate degree of molecular rotational dynamics. 

‘l- Q. Zhu et. al., Phys. Rev. B 4’7, 13948 (1993 . 
2 Q. Zhu, D. E. Cox, and J. E. Fischer, Phys. Ii ev. 
‘3’ P. W. Stephens et. al., Nature 370, 636 (1994). 

B 51,3966 (1995): 

:4: Q. Zhu, Phys. Rev. B 52, R723 (1995). 

Figure 1. 

* This work was supported by the US 
Department of Energy, Division of Materi- 
als Sciences under contract No. DEACOS- 
76CH00016. 

Figure 2. 
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I Calcareous sponge spicules: presence of amorphous and crystalline X7B 

s-1 I phases in the same element * 
‘_ , :- I 

;:,-i 
J.Aizenberg, L.Addadi, SWeiner (Weizmann Institute of Science, Israel), J.Hanson, 

_ T.F.Koetzle (BNL) 
‘I 

Some organisms form stable minerals that would never precipitate under ambient 
conditions in an inorganic environment, or if formed are unstable precursors of more 
stable compounds. One of the most fascinating examples is biogenic amorphous 
calcium carbonate, because its transformation into crystalline polymorphs is not 
only thermodynamically favored, but also kinetically fast. The calcareous sponges 
(Porifera form a wide variety of spicules, each of which is generally thought to be 
compose cl of a single crystal of Mg-bearing calcite. Differences have, however, been 
observed between the spicule mineral and inorganically formed calcite crystals. 

Our attention was drawn to the fact that an additional amorphous mineral phase 
may be present, by the observation that the intensities of the diffracted beam from 
single CZuthrina triradiate spicules (100 microns across) accounted for only about 
20% of the expected value of an equivalent volume of a pure single calcite crystal. 
To investigate this phenomenon, synchrotron powder diffraction data were collected 
for Clathrina spicules and compared to analogous measurements of two controls: 
(i) pure calcite and (ii) spicules of the ascidian Pynrupuchydermutinu which are 
composed entirely of amorphous CaCOs. The samples were finely ground, and 0.3 
mm glass capillaries were filled completely with the powder to ensure that the same 
amount of material was subjected to the X-ray beam in each experiment. Narrow 
slit measurements were performed with a step size of 0.01 deg and sampling time 
of 10 set/step using the Huber diffractometer. 

The powder X-ray diffraction pattern (below) of Cl&h&u spicules shows in 
addition to the sharp calcite reflections, an intense but broad peak around 20 = 15 
deg, indicative of the presence of an amorphous phase. 

On the basis of these and addition electron microscope observations, we deduce 
that the spicule is composed of a core of calcite embedded in a thick amorphous 
calcium carbonate layer and apparently covered by a thin calcitic sheath. The 
formation of composite structures in which amorphous and crystalline phases coexist 
apparently endows the biogenic material with advantageous properties, that may 
be interesting to investigate. 

” * 3. * m ,; 

Figure 1. 

* US DOE contract DE-AC02-76CH00016 Div of Chem. Sci. Office of Basic Energy 
Science and US-Isreal Binational Sci. Foundation 

Biologically-induced reduction in symmetry at the level of the crystal 
domain shape 

X7B 

J. Aizenberg, L. Leiserowitz, S. Weiner, L. Addadi (Weizmann Institute of Science, 
Israel), J. Hanson, and T.F. Koetzle (BNL) 

Organisms can exert a remarkable degree of control over crystal growth. One 
means of achieving this is by the adsorption of specialized macromolecules on spe- 
cific planes of the growing crystals. With continued growth of the crystal, the 
macromolecules are incorporated inside the crystal bulk. In previous studies we ob- 
served that this strategy used to control single crystal texture and morphology, may 
result in an effective reduction in crystal symmetry at the level of the microscopic 
domain shape. In this study we have examined in detail one type of calcareous 
sponge spicule, that is a beautiful example of how the biological environment in- 
duces a reduction in crystal symmetry. The Sycon asymmetric triradiate spicule 
was specifically chosen for this study, because each is composed of a single crystal 
of calcite, but their morphologies do not reflect the hexagonal symmetry of calcite. 
Two rays of each spicule develop perpendicular to the symmetry-related (-102) and 
(l-12) planes, and the third ray grows perpendicular to the O-16) calcite plane. 

The diffraction peak profiles in the w- and w/2&scan mo cli es were monitored for 
control synthetic calcite crystals and four triradiate spicules. Two spicules were 
measured intact, two others were subdivided into three different rays and each was 
studied separately. Fig. 1 shows diffraction peak profiles of the representative (104) 
and (012) families of reflections for three rays of the same spicule. In every case 
reduction in symmetry is observed in the coherence lengths among symmetry-related 
crystallographic directions. Larger coherence lengths and smaller angular spreads 
are observed in the crystallographic directions coincident with, or close to, the 
directions of the morphological axes of the spicule rays. The reconstructed shapes 
of the domains of perfect structure unequivocally show the extent of reduction in 
symmetry that can be achieved for each of the growing subunits of the same crystal 
(Fig. 2). The average shapes of highly anisotropic perfect domains of each spicule 
ray reflect to a remarkable degree the macroscopic morphology. The synthetic 
crystals show no such reduction in symmetry. 

Although the manner by which such exquisite control is achieved is not known, 
we envisage it involving a combination of oriented nucleation with either physi- 
cal or stereochemically-driven adsorption. Support: US DOE contract DE-ACO2- 
‘76CH00016 Div of Chem Sci.,BES and US-Isreal BSF 

Figure 1. Figure 2. 



Thermal decomposition of silvercarbonate studied by powder diffrac- X7B 
tion methods. * 

E. Krogh Andersen, I.G. Krogh Andersen (U. Odense, DK), P. Norby, J.C. Hanson 

(B NL) 
Silvercarbonate is a thermally unstable compound, which when heated will de- 

compose into silveroxide and carbondioxide. By further heating silver oxide is de- 
composed into a fine powder of pure silver and oxygen. The transformations are 
clearly visible as silvercarbonate is a greenish powder, silver oxide is pitch black 
and the silver metal is obtained as a white/yellowish powder. We intend to study 
the structural detailed involved in the thermal decomposition process, and as a 
preliminary experiment powder diffraction data were collected using a Translating 
Image Plate System. Figure 1 shows the powder diffraction profiles extracted from 
the image plate data as a function of temperature. The transformations are clearly 
visible as distinct changes in the diffraction patterns. Figure 2 is a small section 
of the image on the Image Plate, showing the same section as in Figure 1. A 
closer examination of the diffraction patterns reveals that immediately before the 
phase transformations changes in the powder diffraction patterns occurs indicat- 
ing changes in the crystal structure. Powder diffraction data obtained from image 
plates are suitable for Rietveld refinement and the structural changes preceding the 
decomposition reactions will be further investigated. 

Figure 1. Powder diffraction patterns 
showing the decomposition of silver car- 
bonate. 

* This work was supported under con- 
tract DE-AC02-76CH00016 with the US De- 
partment of Energy by its Division of Chem- 

F 
ical Sciences, Office of Basic Energy Sciences 

2 
and by the Danish Natural Science Research 
Council 

Figure 2. TIPS image of the decomposi- 
tion of silver carbonate. 

A Synchrotron X-Ray Study of Piezoelectric Moduli, Ferroelectric 
Switching and Domain Reversal in CsTiOAs04 and KTiOP04 under X7B 
an Applied Electric Field * 

Rindert Bolt, Joergen Albertsson and Goeran Svensson, Inor. Chem., CTH, 
Gothenburg, Sweden, Kenny Stahl, Inor. Chem. 2, Lund Univ.,Lund, Sweden, 
and J. C. Hanson, BNL 

Single crystals of isostructural cesium titanyl arsenate (CTA) and Scat doped 
potassium titanyl arsenate (KTP) with space group Pna2r have been grown by 
the top-seeded solution growth technique from self-fluxes. Extended face plates 
were cut and polished to a thickness between 300 and 450 pm along [OOl]. A layer 
of approximately 200 A of Au (CTA) or Al (KTP) was evaporated on the (001) 
faces leaving a window frame without electrode material on the edge of the faces. 
Electric leads were connected to the metal layers. X-ray data (X = 0.89198 A) were 
collected at beamline X7B at NSLS using a Huber six-circle diffract0 meter with 
Na(Tl)I scintillation detector and monitor. The electric field experiments were made 
in a setup similar to the one used by Stahl, Kvick & Abrahams [Acta Crystallogr. 
(1989). A46, 4’78-4’751. Each electric lead on the crystal plate was connected to a 
power supply and a generator producing a 20 Hz square wave variable voltage of 
up to 1500 V and with the tension alternatingly applied to each side of the crystal. 
A scaler and a clock were gated to each of the two square-waves, thus allowing a 
detection of the shift in omega and intensity between the two field directions. The 
data from CTA were collected at room temperature and those from KTP at 150 K 
with a Displex close-cycle refrigerator. 

The splitting of the Bragg peaks 6~) as a function of the electric field strength 
\ provide information about the piezoe ectric strain tensor, coercive field and domain 

reversal mechanisms of the investigated materials. The strain produced in the z 
direction by the electric field is given by es = dssEs which combined with Bragg’s 
law results in dss = -6(0)/(2Estan(0)). Val ues dss = 33 and der = 2 pm/V were 
estimated for CTA from the peak splits of 001 and hO0 reflections at 1330 V/mm. 

For CTA and KTP the peak splits increase with the field strength to maxima 
at about 2000 (CTA) and 3300 V/mm (KTP) after which the values decrease to 
about l/10 at 2600 (CTA) and 3500 V/ mm (KTP). Above the latter field strengths 
a single domain is switched 40 times per second by the alternating field, i.e. these 
values may be taken as estimates of the coercive fields. 

If the strong field is applied in only one of the two directions, estimates can be 
made of the field strength necessary to switch the domain just once. These values 
are dependent on the polar direction of the crystal outside the metal covered area. 
If the final directions are the same, the domain walls can move inward from the 
outer edge and a low field is sufficient for the reversal, If the final directions are 
opposite, a domain nucleation mechanism is required for the metal covered part of 
the crystal so a high field must be applied to reverse the polarity. Using the 0 0 16 
reflection of CTA, field strengths of 560 and 1550 V/mm were determined for the 
two cases. 

* Work supportedunder contract AC02-76CH000016 with US DOE by its Div of Chem. 
Sciences, Office of Basic Energy Sciences, the Swedish Natural Science Council and Euro- 
pean Commission 



46 2 Development of Synchrotron Diffraction Methods for Structure De- 
termination with Small Single Crystals * 

X7B 

It. W. Broach, UOP Res.; J. J. Pluth, Univ of Chicago; Il. M. Kirchner, Manhattan 
College; J. C. Hanson, BNL; J. Phillips and J. Fait, Seimens Anal. Inst. 

Although a single crystal study is the simplest, quickest, and most complete 
way to determine the crystal and molecular structure of a molecular sieve, it is 
sometimes not possible because large enough crystals can not be synthesized. We 
have begun exploratory studies to develop methods and experience with structure 
determination from small crystals. 

The structure of the mineral R&e, NacMneSis(O,OH)z4.9HzO, is not known. 
Data were collected for a small crystal of dimensions 5x5~110 cubic microns using 
the Siemens CCD detector. A total of 5545 diffractions were collected, of which 
1833 were greater than 1 sigma, 832 greater than 2 sigma, 301 greater than 3 sigma 
and 96 greater than 4 sigma. We are currently trying to solve the structure using 
this weak data set. 

Data were collected for a 30x30~30 cubic microns crystal of the zeolite Sodalite, 
SimOz.+.2GH4(OH)z. Refinement of the crvstal structure usinrr the CCD data eave 
results-in good‘agreement with previously published data. The’ final R value ofvthe 
refinement was 0.041 compared with 0.024 for data collected using a Cu target 
rotating anode generator. 

Another data set was collected for the mineral Diopside, CaMg(SiOe)z. This 
sample is being used to test the quality of the CCD data. 

Refinement of the structure is in progress. 
The structure of the titanosilicate mineral zorite was reported by Sandomirskii 

and Belov. Difficulties in measuring the intensities of the diffuse reflections made 
it possible to solve only the superposition structure using the point reflections and 
a unit cell with half the true c-axis length. We have synthesized small crystals of 
synthetic analogues to zorite, which may not have the same disorder. So far, we 
have been able to see a few diffraction spots using the image plate detector, but not 
with the CCD system. A higher brilliance beam line is probably needed. 

We have recently synthesized a new class of zinc phosphate-based molecular 
sieves. Some of these phosphate-based sieves have zeolite analogues, such as SOD, 
FAU, and RHO; and some have new structures. We have one material which ap- 
pears to be orthorhombic with very similar a, b, and c axis lengths. The similarity of 
the axis lengths causes severe overlap in the powder diffraction pattern, even when 
using high resolution synchrotron data, and makes it difficult to accurately extract 
peak intensities for structure solution. Individual crystals appear well-shaped but 
of maximum size about 3x3~12 cubic microns in size. No diffraction spots were seen 
using the image plate or CCD. A higher brilliance beam line is probably needed. 

In-situ powder diffraction studies of zeolite syntheses; Magnesium X7B 
substituted alumino phosphates. * 

A. NGrlund Christensen (U. Arhus), Poul Norby (BNL) 

In-situ powder diffraction was used to follow the syntheses of magnesium substi- 
tuted aluminophosphate molecular sieves. Substitution of trivalent aluminum into 
the tetrahedral framework of aluminophosphates with divalent cations is important 
in order to tailor catalytical properties of the materials. 

Magnesium substituted aluminum phosphates (MAPO’s) were synthesized from 

P 
astes made from the following chemicals: MgO or Mg(Ac)z .4HzO, AI( *Hz0 
Catapal), 85 % HsP04, NaOH, 37 % HCl, and the templates triethylamine (EtsN), 

tripropylamine (PrsN), di-n-propylamine (PrzNH), and tetramethylammonium hy- 
droxide Me*N+) Molar ratios of pastes: 

0 A: 1.5 tsN, 0.02Naz0, 0.2Mg0, AlzOs, PzOz, 27.8HzO B: 1.5PrzNH, 0.2Mg0, 
AlzOs, PzOs, 25.0HzO C: 2.OPrzNH, 0.3Mg0, 0.85Alz03, PzOs, 25.0HzO D: 
l.SlPrsN, 0.17Mg0, 0.96AlzOs, PzOs, 25.2HzO E: 2.19Me4Nt, 0.21HC1, 0.29Mg0, 
0.81Alz03, PzOz, 32.0HzO The in situ measurements of the crystallization of the 
amorphous gels at temperatures up to 29O’C showed in most cases the appearance 
of precursor phases formed before the formation of the final products. 

Some of the precursor phases have not yet been identified. 
The obtained results are the following: 
A: Precursor is MgAl(POsOH)zOH.6HzO. Products are MAPO-47 and MAPO- 

5. The growth rate of MAPO-5 is faster than that of MAPO-47. At 13O’C MAPO-5 
is onlv formed in minor auantities and MAPO-47 is the main reaction product. At 
18O’C MAPO-5 and MA-PO-47 are formed in approximately equal amounts. 

B: Two unidentified precursor phases are formed. At 12O’C a sodalite like phase 
is formed. At 2OO’C the reaction product is a mixture of MAPO-46 and MAPO-39. 

C: Two unidentified precursor phases are formed. At 2OO’C the reaction product 
is a mixture of MAPO-39 and MAPO-46. The formation of MAPO-46 is faster than 
that of MAPO-39. 

D: The reaction product in the temperature range 25 - 2OO’C is MAPO-36 E: At 
temperatures up to 75’C the precursor phase MgAl(POsOH)zOH*6HzO is formed. 
At temperatures from 90 to 12O’C a soda&e like phase is formed. 

* This work was supportedby contract DE-AC02-76Ch000016 with the US DOE by Div 
of Chemical Sciences, Office of Basic Energy Sciences 

* This work was supported by contract DE-AC02-76CH00016 with the US Department 
of Energy by its Division of Chemical Sciences, Office of Basic Energy Sciences and by the 
Danish Natural Science Research Council. 
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Time Resolved Dehydration Studies of the Layered Aluminophos- I____ 1 
phate d,l-Co(en)z AlsP40re xHs0 * XYB 

M. J. Gray, A. P. Wilkinson (Georgia Tech), P. Norby and J. Hanson (BNL) 

The increasing level of interest in optically pure organic compounds, particularly 
in the pharmaceutical industry, has provided impetus for the design and synthe- 
sis of potential chiral sorbents and catalysts. We have synthesized a number of 
aluminophosphate and gallophosphate materials using chiral transition metal coor- 
dination complexes as templates.1~2 

The layered material, d,l-Co en)s AlsP40rs xH:!O, was studied using time re- 
\ solved x-ray diffraction. Samp es contained in capillary tubes were dehydrated 

under flowing dry nitrogen while diffraction data were obtained using a scanning 
imaging plate detection system. Data were collected as a function of time at various 
temperatures and while the temperature was ramped. Several interesting phenom- 
ena were observed, the most significant of which was the transformation to another 
phase with a markedly smaller interlayer spacing during dehydration. 

Further data analysis is now underway to determine the structure of the dehy- 
drated end product and examine the kinetics of dehydration. 

1. D. A. Bruce, A. P. Wilkinson, M. G. White, and J. A. Bertrand, J. Chem. 
Sot. Chem. Commun., 2059-2060, 1995. 

2. D. A. Bruce, A. P. Wilkinson, J. A. Bertrand, M. G. White and J. C. Edwards, 
submitted for publication. 

Synthesis of zeolite A from thermally activated natural kaolinites. * X7B 

Alex F. Gualtieri (Univ. of Modena, Italy), P. Norby and J. Hanson (BNL), and 
G. Artioli (Univ. of Milan, Italy), 

Zeolite A is by far the most studied zeolite and the most employed zeolitic ma- 
terial for industrial purposes [I]. It can be synthesized using clay minerals such as 
kaolinite [2]. In order to activate the kaolinite for the reaction, it is necessary to per- 
form a thermal treatment at about 600-800’ C [3]. The experiments we performed 
deal with the formation of zeolite A from two kaolinites with a different density 
of structural disorder. The samples are Kga-1 and Kga-2, international standards 
from Georgia, USA exhibiting a different density of planar faults [4]. The sam- 
ples are activated at 8OO’C. The syntheses are achieved by hydrothermal leaching 
of the activated powders throughout a NaOH solution in the temperature range 
‘i’O-110°C. The solution is cleansed by means of a 0.5 mm diameter syringe in a 
0.7 mm Lindemann glass capillary. The applied pressure inside the capillary is 10 
Atm. The reaction syntheses are followed by angular dispersive experiments. The 
detector used is a translating Imaging Plate. The isothermal experiments are per- 
formed at 70,80,9,100,110 ’ C. The heating rate used to reach the set temperature 
is about 100 ’ C/min. The reaction is followed by observing the modification of the 
intensity of the scanned portion of the diffraction rings as a function of time. The 
image collected and stored in the plate is scanned using a He-Ne laser beam stim- 
ulation in an IP Fuji BAS2000 scanner. The integrated intensities are normalized 
and transformed into phase fractions and conversion values to plot the alfa/time 
curves. The conversion vs. time plots enable to elaborate on the kinetic mechanism 
of the reaction process and to calculate the value of the activation energies and fre- 
quency factors. n in both cases is greater than 4 thus the process can be described 
as an interface controlled acceleratory reaction with random nucleation (increasing 
rate and 3D growth (constant rate) of the crystals of the cubic phase. When the 
toe 2 cient n of the Avrami equation is so large the rate limiting step of the reaction 
may be the coalescence and impingment of the forming nuclei. n has a tendency to 
drop at higher temperature and this can be directly related to the decrease of the 
random nucleation rate for thermodynamic reasons. In fact, at higher temperature, 
hydroxysodalite phase is more stable than (Ostwald’s law) and the decrease of the 
nucleation rate for both samples is due to a competition of forming nuclei of the 
two phases. 

[l] Drag E.B., Miecznikowski A., Abo-Lemon F. and Rutkowski M. (1985). Syn- 

2475-2485. 

* We are grateful for financial support from the Georgia Tech Molecular Design Institute 
and acknowledgment is made to the Donors of the Petroleum Research Fund, administered 
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Rietveld refinement of synchrotron data collected in transmission ge- 
ometry using an Imaging Plate detector: application to standard m- X7B 
ZrOz * I I 
Alex F. Gualtieri (Univ. of Modena, Italy), P. Norby, J. Hanson and J. Hriljac 

(BNL), and G. Artioli (Univ. of Milan, Italy) 

We have performed the Rietveld refinement of m-ZrOz (standard material se- 
lected by the commission on powder diffraction of the IUCr to undertake a round 
robin of Rietveld refinement). The data were collected at X7B using a flat Imaging 
Plate detector, which is a powerful tool when fast data collections are required. An 
example is real-time studies where a sample is analysed ‘(in situ” at H/LT, H/LP, 
under constant gas stream, etc. The IP is composed of a metal slide supporting 
a 0.5 mm thick plate (20x40 cm made of a flexible plastic material coated with 

12 fine storage phosphor crystal (Ba Br;Eu2+) mixed with an organic binder 11. The 
photostimulable phosphor is capable of storing a fraction of the absorbe !I X-ray 
energy. When later stimulated by visible light, it is capable of emitting photostim- 
ulated luminescence (PSL , the intensity of which is proportional to the absorbed 

1 X-ray intensity. The deta’ s of the mechanism are well described in [l] and [2]. 
Prior to the collection, the sample was ground, sieved and mounted on a 0.3 

mm Lindemann quartz capillary and placed on a standard goniometer head. The 
accurate value of energy (X= 0.9583 A) is calibrated using the standard material 
LaBs. The exposure time is 10 min and the pattern is collected in the range O-64.5 
28 

4 
sin0 /X=0.55). 
he data reduction accounts for a variety of corrections embracing the polariza- 

tion of the synchrotron beam, the Lorentz factor, the absorption, the correction for 
the flat IP geometry, and the IP zero shift. The corrections produce working data 
suitable for a Rietveld refinement using the programs: 1) a modified for Imagin 
Plate data version of The X-Ray Rietveld System XRS-82 Baerlocher (1982); 2 
General Structure Analysis System GSAS (L 

‘j 

ment factors (R,s 
k 

arson & Von Dreele, 1995). The agree- 
are lower than the values reported in the IUCr round robin for 

synchrotron data ecause the instrumental resolution is intrinsically poorer in this 
geometry despite the use of a synchrotron source. 

The refined unit cell constants and the atomic positions are consistent with the 
single crystal data. The refined thermal parameters are in close proximity to the 
single crystal data showing that it is possible to get reliable and consistent ther- 
mal parameters in Debye-Scherrer geometry using synchrotron radiation. We can 
state that an accurate data reduction of the transmission data collected using 
synchtrotron radiation provide Rietveld refined parameters of sufficient accuracy 
and precision. 

[l] Amemija, Y. (1990). Synch. Rad. News 3, 21-26. 
[2] Bourgeois, D., Moy, J.P., Svensson, S.O. & Kvick, A. (1994). J. Appl. Cryst. 

C. (1982). Inst. fiir Krist. & Petrogr., ETH, Ziirich. 
and Von Dreele, R.B. (1995 . 

Ii 
“GSAS. General Structure Analysis 

System,” Report LAUR 86-748. Los Alamos ational Laboratory. 

* This research is supported under contract DE-AC02-76CH00016 with the US Depart- 
ment of Energy by its Division of Chemical Sciences, Office of Basic Energy Sciences. 

I A Time-Resolved Thermal X-Ray Powder Diffraction Study on X7B 
CoSAPO-34 I I 
Jonathan Hanson[l], Arild Moen [2], David G. Nicholson [2], Kenny St&h1 [3] ([1] 

Department of Chemistry, BNL; [2] Department of Chemistry (AVH) Univ. of 
Trondheim, N-7055 Trondheim, Norway; [3] Inorg.Chem.2, Univ. of Lund, POB 
124, S-22100 Lund, Sweden) 

Microporous, microcrystalline aluminium phosphates (ALPOs), metal- sub- 
stituted aluminium phosphates (MeALPOs and silicon-substituted analogues 
(SAPOs) are interesting candidates for cat a) ytic studies and there is a continu- 
ing growth in the Microporous, microcrystalline aluminium phosphates (ALPOs), 
metal- substituted aluminium phosphates 
logues (SAPOs) are interesting candidates f 

MeALPOs) and silicon-substituted ana- 
or catalytic studies and there is a contin- 

uing growth in the size of the family of compounds since they were first synthesised 
in 1982[1]. Because of their structural relationships to the zeolites the materials 
are often termed zeotypes. The zeotypes are monophasic crystalline solids in which 
the active sites are distributed in a spatially uniform manner throughout the bulk. 
Thus, some of them can be used as uniform heterogeneous catalysts. In this con- 
nection, the most significant feature of zeotypes is their microporous nature which 
means that nearly all of the accessible surface area is actually inside the crystal- 
lites. For example, over 99.5% of the surface area of a lmm diameter crystallite 
is internal. Consequently, most of the Al, P and/or metal atoms are effectively 
surface atoms, although they are located deep inside the material. and this means 
that bulk physical techniques such as EXAFS can actually be regarded as surface 
techniques in these special cases .We have previously published some of the results 
of EXAFS studies using the facilities of XllA [2 - 43. 

In CoSAPO-34 the cobalt atoms enters the framework by substituting Al 
the form of Co 
on calcination t 

II). The material is interesting because it undergoes colour 6 
III) in 

c anges 
blue to green at 500 C with a change to greyish-blue on cooling in 

moist air). The object of the present study is use time-resolved powder diffraction 
(X7B) to map the structural changes that occur whilst the as-synthesised sample is 
being heated upto 500 C. The results are currently being anrdysed. 

The work at BNL was supported by US DOE contract DE-AC02-76CH00016 
with the Division of Chemical Sciences, Office of Basic Energy Sciences and the 
Swedish Natural Science Council. 

[l] S.T. Wilson, B.M. Lok, C.A. Messina, T.R. Cannan, E.M. Flanigen, J. Am. 
Chem. Soc.1982, 104, 1146 

[2] A. Lund, D.G. Nicholson, G. Lamble and B.Beagley, J. Materials Chem., 1994, 
4, 1723. 

[3] M.Endregard, D.G. Nicholson, M. Stocker and G. Lamble, J . Materials Chem. 
1995, 5, 485. 

[4] M.Endregard, D.G. Nicholson, M. Stocker and G. Lamble, J. Materials Chem. 
1995, 5, 785. 



1 Track effects in hydrocarbon liquids exposed to x-rays * 1X7B1 1 In-situ studies of Dhase transitions in silicate mesostructures * 1X7B 1 

R. A. Holroyd, J. M. Preses, J. C. Hanson (BNL - Chemistry Dept. 

Absorption of X-rays in hydrocarbon liquids leads to photoelectrons which pro- 
duce dense tracks of secondary ionization. Charge recombination of these ions forms 
excited states in the track. The excited states will be singlet with high probability 
when the recombination is of geminate partners! because the spins remain corre- 
lated. As the X-ray energy decreases, the density of ionizations along the track 
of the photoelectron increases and the probability of recombination with ions from 
other ionization events will increase. This non-geminate recombination is of uncor- 
related ions and the yield of singlets is expected to decrease as the X-ray energy 
decreases. Such “track effects” are of interest to radiation chemists and theoretical 
predictions’ have been made of the magnitude of this effect. 

In this study we measured the relative yield of excited singlet states for three 
hydrocarbons by the intensity of the UV fluorescence and as a function of X-ray 
energy. X-rays from 6 to 14 keV were obtained from a 311 Si crystal monochromator 
at X7B. The X-ray beam passed through a Nz-filled ionization chamber, to monitor 
the beam intensity prior to entering the sample cell. The cell was made of quartz but 
had a 1 mil mylar entrance window for the X-ray beam. UV fluorescence emerging 
from the back of the cell was collected by a spherical mirror and focused on the 
window of a photomultiplier tube (EMI). Th e fl uorescence beam passed through an 
interference filter to cut out stray hght. The tube was operated in the single photon 
counting mode. 

The results for trans-decalin are shown in figure 1. The fluorescence yield from 
singlet states decreases with decreasing X-ray energy, that is, as the track density 
increases. The results need to be corrected for the lifetime of the excited states, ‘i-&s, 
which also decreases as the energy decreases; i.e.: Yield of singlets = fluorescence 
yield/r&, The results are compared with computer simulations’, which predict a 
decrease in singlet yields with decreasing X-ray energy in this range (solid line). 
Similar results are obtained for cis-decalin and dodecane. This confirms that re- 
combination of uncorrelated ions in the dense track leads to the formation of more 
triplet excited states and consequently reduces the yield of singlet excited states. 
Measurements will be made down to 4 keV in the near future. 

[1] W. M. Bartczak, A. Hummel, Chem. Phys. Lett. 208, 232, 1993 

* This work was supported by contract DE-AC02-76CH000016 with the US DOE by its 
Div of Chemical Sciences, Office of Basic Energy Sciences 

C. C. Landry, G. D. Stucky (U.C. Santa Barbara), J. C. Hanson, and P. Norby 

(BNL) 
Mesoporous silicates are produced by a solution templating process which involves 

cooperative self-assembly of the organic and inorganic regions of the material. 
We have used in-situ X-ray diffraction at the NSLS to monitor phase changes 

in these products upon heating, with the goal of gaining control over the poly- 
merization process. Silicate polymerization in these experiments was induced by 
heating the sample hydrothermally to 150 “C in quartz or glass capillaries. The 
detection system consisted of an image plate placed behind a slit; time resolution 
was accomplished by moving the image plate behind the slit at a fixed rate. After 
one hour of heating, conversion of the hexagonal phase to a new rectangular 
phase, which we have desi nated 

(H, 

7 
R,, was observed. k his short-lived phase trans- 

formed into the cubic (Qp mesostructure after 8 minutes; no additional changes 
were observed upon cooling to room temperature. 

The macroscopic structure of these inorganic/organic assemblies is dependent 
upon the local effective surfactant packing parameter g=V/a,l, where V is the total 
volume of the surfactant chain plus any co-solvent molecules between the chains, a0 
is the effective head group area at the micelle surface and 1 is the kinetic surfactant 
tail length. Changes in this parameter are thus directly proportional to changes 
in V. Small values of g tend to stabilize more locally curved surfaces (Hp) while 
larger values stabilize flatter surfaces Qp). We propose that the phase changes 
observed in our experiment are cause 6 by the movement of ethanol, present in 
solution from hydrolysis of the inorganic precursor tetraethylorthosilicate 
into the organic micellar region at high temperatures. The changes are not 

(TEOS 
1’ 

, 
reversib e 

since the silicate becomes less flexible as it polymerizes at high temperature, fixing 
the Qa phase in place. We anticipate performing further experiments aimed at 
gaining better control over the polymerization process through external addition of 
co-solvents and hydrolysis of new inorganic precursors. 

* This research was carried out at Brookhaven National Laboratory under contract DE- 
AC02-76CH00016 with the U.S. Dept. of Energy and supportedby its Division of Chemical 
Sciences, Office of Basic Energy Sciences. C.C.L. and G.D.S. acknowledge support from the 
U.S. National Science Foundationunder the Materials Research Laboratory grant program 
(DMR9123048). 



A VOLATILE CALCIUM /?-DIKETONATO TETRAETHYLENE- X7B 
PENTAMINE CHELATE [Ca(thd)z(NsCsHzs)] I 1 

Structure of A Volatile magnesium P-Diketonato N,N,N’,N’- 
tetramethylenethylediamine Chelate [Mg(thd)z(NzCsHre)] X7B 

I.Mutikainen, T.Hanninen, M.Leskela (Univ. Helsinki) and J.Hanson (BNL) 

Thin films of various inorganic materials today play an important role in practical 
apphcations as well as in fundamental science: microelectronics, optics, sensors, 
solar cells, etc. The interest towards volatile alkaline earth and rare earth complexes 
has rapidly grown along the use of chemical vapor deposition (CVD) in fabrication 
of superconducting oxide thin films. For atomic layer epitaxy (ALE) growth of thin 
films sufficiently volatile compounds of copper, rare earth and alkaline earth metals 
must be available. So far, the best performing alkaline earth metal precursors in 
terms of thermal stability and volatility are the monomeric /3-diketonate adducts 
with multidentate Lewis bases. 

The crystal structure of bis(2,2,6,6-tetramethyl-heptane-3,5-dionato)calcium 
with tetraethylene-pentamine has been solved using synchrotron radiation at 153 
K. The complex crystallizes in pentane solution as a monomeric molecule. The 
X-ray data of 10598 unique reflections was collected using image-plates scanned 
with off-line Fuji 2000 scanner. The crystals are monoclinic P2r 
a=15.480(2), b=10.874(2), c=20.866(3)A, @=90.33(2) deg., Z=4, Ii 

c (nr. 14) with 
=0.085 for 4303 

reflections having 1>2sigma(I). 
The coordination sphere of calcium is a distorted cubic antiprism where two thd 

molecules coordinate to Ca via four oxygen atoms and the tetraethylenpentamine 
via four nitrogen atoms. One amine nitrogen is uncoordinated. The amine ligand 
is disordered in two positions, each conformation with site occupation factor of 0.5. 
The bond lengths in the Ca coordination sphere vary from 2.337(5) to 2.396(5)A 
for Ca-0 and>.518 6 to 2.740(6)A for Ca-R. - 

Supported by U $A 

. I . I 

OE contract DE-AC02-76CH00016 with Div of Chem. Sci. 
office of Basic Energy Sciences. 

I. Mutikainen, T. Hatanpaa, M. Leskela (Univ. Helsinki), A. Gualtieri (Univ. 
Modena) and J. Hanson (BNL) 

In recent years there have been growing interest towards volatile -diketonates 
of alkaline earth, rare earth and transition metals. Reason for the interest is that 
these compounds can potentially be used as precursors in the preparation of oxide 
thin films by chemical vapor deposition 
sors used in CVD are high volatility 6 

CVD). The main requirements for precur- 
an thermal stability. Both of properties are 

affected by the structure of the complex: monomeric and coordinatively saturated 
complexes are most volatile. If the -diketonate ligands do not saturate the coordina- 
tion of the central metal, which is the case with alkaline earth metals heavier than 
Be, the coordination number will be fulfilled by oligomerisation or solvate molecule 
coordination. By adding different Lewis bases the coordination number can be ful- 
filled and oligomerisation and solvation molecule coordination avoided. The crys- 
tal structure of Mg(thd)z-N,N,N’,N’-tetramethylenethylenediamine was measured 
using synchrotron X-rays lambda=1.00886) at 153 K using image-plates and off- 
line Fuji 2000 scanner. i, T e complex was crystallized from ‘super dry’ ethylalco- 
hol. The crystals are mono&c, space group P2r/c (nr. 14), with a=10.091(4), 
b=19.133(5), c=17.021(4)A, =93.22(3) deg., Z=4, R=0.072 for 3072 reflections 
having 1>2sigma(I). The coordination sphere of Mg is octahedral with two thd 
molecules coordinating to Mg via four oxygen atoms and the tetramethylenethylen- 
diamine via both nitrogen atoms. The bond lengths in the Mg coordination sphere 
vary from 1.990(2) to 2.020(2)A for Mg-0 and 2.261(3) to 2.294(3)A for Mg-N. 

This work was supported by contract DEAC02-76CH00016 with the US DOE 
by its Division of Chemical Sciences, Office of Basic Energy Sciences. 

Figure 1. View of the Title Compound. 
One disordered amine ligand has been Figure 2. View of the Ca coordination 
omitted. sphere with amine ligands. Figure 1. View of the Title Compound. 
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P 
z SIEMENS SMART CCD DETECTOR APPLIED TO DIFFRAC- 

TION WITH SYNCHROTRON RADIATION FROM X7B AT NSLS X7B 
J. Phillips, J. Chambers, J. Fait Siemens Analytical Instruments, 6300 Enterprise 

Lane, Madison, WI 53’719-1173 

The performance of A Siemens CCD detectors with a 2K chip was evaluated using 
radiation from bending magnet beamlines at SSRL and NSLS and from a rotating 
anode source with three type of optics. Also the goniometer was set up with the 
w - 26’ axis horizontal, with a fast shutter to allow for short and accurate exposures 
and with provision for incident beam monitoring by the data collection software. 
Wavelengths close to 1 A were used exclusively. Data on lysozyme with Rsym of 
7.2% to 1.5 A was obtained in 5.5 hrs. Data on luciferase, which has a 302Aaxis 
was was obtained in 8.0 hrs with Rsym of 13.6% to 3.4 A. The system was also used 
for small molecule crystallography, solving a porphyrin, a zeolite and a carborane 
structure previously unsolved because of poor or small crystals. The system was 
also used for time-resolved powder diffraction and diffraction by multilayers on a 
macroscopic single crystal substrate. NSLS Data Sets: 

Lysozyme: Unit cell dimensions a=b=79.1 c=37.9; Space group P43212 Frame 
width=O.lfi deg. Frame time=15 sec.; 667 frames Total elapsed time= 5.5 hrs Total 
number reflections= 80875 

Total unique = 19439 Bsym=7.2% to 1.5 A 97.7% complete 
Luciferase: Unit cell dimensions a=59.9 b=112.7 c=301.8; Space group P212121 
Frame width=O.% deg. Frame time=30 sec.; 660 frames 
Total elapsed time=8.25 hrs Total number reflections=53825 Total unique = 

26128 Rsym=12.9% to 2.7 ; 86% complete 
C’7NlBlOH15: 
Unit cell dimensions a=7.246 b=18.429 c=18.140 
=92.482 deg.; Space group P21/n Frame width=O.5 deg. Frame time=15 sec.; 

720 frames (hemisphere of data) 
Total elapsed time=6 hrs Total number reflections=5134 Total unique reflec- 

tions=2153 Rsym=12.1% to 0.86 Ang ; 92.5% complete Solved by SHELXTL direct 
methods and refined to R1=0.068 

Sodalite: Unit cell dimensions a=8.8465 
Space group Im-3m Frame width=0.5 deg. Frame time=45 sec.; 150 frames Total 

elapsed time=2.5 hrs Total number reflections=278 Total unique reflections=77 
Rsym=7.2% to 0.891 Ang. ; 100% complete Solved by SHELXTL direct methods 

and refined to R1=0.041 
Fe Silicide on Si(ll1): Sample with 10 overlayers shows diffraction peaks and 

thermal diffuse scattering in a “powder scan” of 400 frames, 15s and 0.1 deg. each. 
The experiments at NSLS X7B were performed with Jonathan Hanson and mem- 

bers of the Catalysis group of the Chemistry Department at Brookhaven National 
Laboratory. 

We thank Ivan Rayment of the Enzyme Institute of the University of Wisconsin, 
Madison for the lysozyme and luciferase crystals. William Clegg, University of New- 
castle and Kenneth Wade., University of Durham provided the carborane crystal. 
The sodalite study was with Joseph Pluth, University of Chicago and R. Broach, 
UOP. The multilayer diffraction was with Peter Eng, University of Chicago. 

The Adsorption of Hydrofluorocarbons and Hydrochlorofluorocarbons 
on Basic Molecular Sieves * I I 

X7B 

F. Poshni, C. P. Grey (SUNY Stony Brook), A. F. Gusltieri, P. Norby, J. C. Hanson 
(BNL), and D. R. Corbin (DuPont CR&D) 

The syntheses of hydrofluorocarbons HFCs), the environmentally friendly alter- 
natives to the CFCs for refrigerant an 6 blowmg applications, are more complex 
than the syntheses of the CFCs and involve many more steps. Unwanted HFC and 
hydrochlorofluorocarbon (HCFC 
the products remains a concern. b 

isomers are often produced, and purification of 
or example, the isomer HFC-134 (CFaHCFzH) is 

a common byproduct during the synthesis of HFC-134a (CFsCFHz . Basic molecu- 
lar sieves have been shown to be effective in separating a variety of I3 FC/HCFC gas 
mixtures [l]. We have been investigating the adsorption of HFC-134 and HFC-124a 
(CFzHCFzCl) on zeolite Na-Y, to determine both how the gas molecules are bound 
to the zeolites, and whether there are any changes in the occupation and positions 
of the extra-framework cation sites. 

Samples of dehydrated NaY were loaded with 32 molecules of HFC-134 HCFC- 
124a per unit cell, packed into 0.3 mm glass capillary tubes in a glove b ox and 
sealed. Diffraction experiments on both the loaded and bare zeolites were per- 
formed at room temperature and at 100 K. Data was collected with the Fuji Image 
Plate system, at a wavelength of 0.9338 A, and showed significant changes between 
the bare (top) and HFC loaded samples middle and bottom) in Figure 1. Structure 
refinements were performed using the b SAS and XRS-82 programs. The coordi- 
nates of the framework atoms and Na sites of Na-Y as a starting model for the bare 
zeolite were taken by Fitch et. al.[2]. Difference Fourier maps were used to locate 
the sodium and HFC positions. Electron density from the HFC molecules was ob- 
served at low temperatures in the supercages of the zeolite. Rigid body constraints 
were initially imposed for the modelling and localization of the HFC molecule. 

D. R. Corbin and B. A. Mahler, W.O. 94/02440 (February 3, 1994). 
A.N. Fitch, H. Jobic, H. Renouprez, J. Phys. Chem., 90, 1311 (1986). 

* NSF grant DMR-9458017 and DE-AC02-76CH00016 US DOE by its Division of Chem- 
ical Sciences, Office of Basic Energy Sciences and by the Danish Natural Science Research 
Council. 



Reflectance Calibrations of AXAF Witness Mirrors in the Ir M-edge X8A 
Region * I I 
D.E. Graessle, J.J. Fitch, B. Harris, J.P. Cobuzzi, D.A. Schwartz (SAO), R.L. 

Blake (LANL) 

Systems and procedures have been completed for reflectance calibrations of wit- 
ness mirrors to the coatings of flight optics of NASA’s Advanced X-ray Astrophysics 
Facility (AXAF) in the 2-6 keV range on NSLS Beamline X8A. This energy range 
includes the M-absorption edges for iridium, the coating material for AXAF. The 
flight optics and associated witness mirrors are being coated, and completion of 
all eight elements and the 40 synchrotron witness mirrors is expected by February 
1996. The X8A calibrations will be completed by Launch Date, in September 1998. 
Each mirror requires approximately four to five days of run time to calibrate in full 
detail. This detail includes angle scans at eight energies for alignment and layer 
modeling purposes, and eight energy scans at fixed grazing angle covering the full 
range. The required grazing angles are all less than 1.5 degrees. The energy detail 
is as broad as 25 eV in the continuum range above 3500 eV, but is as narrow as 
1 eV in the troughs of the M-edges, where such detail is necessary to specify the 
reflectance accurately. Approximately 400 energy points are included in the energy 
scans. 

The iridium shows certain unique spectral features, including more extended 
XAFS than we have seen on either sold or olatinum mirrors. which we have studied 
previously on this beamline. The Mv and*Mlv absorption edge troughs appear at 
2080 eV and 2156 eV respectively, some 40 eV higher than the tabulated electron 
binding energies typically published for iridium (e.g. Bearden and Burr, Rev. Mod. 
Phys. 1967 . We discovered similar results for the Mv and Mrv absorption edges 
for gold an d platinum. The displacement of these edges may be the result of a slow 
onset of the absorption due to the behavior of the density of states, most recently 
calculated for gold by A. Owens et al. (submitted to Ap. J. Lett. 1995). The AXAF 
spectroscopic devices, including the AXAF CCD Imagin 
the High-Energy Transmission Grating Spectrometer 

Spectrometer (ACIS) and 
?HETGS), will require the 

energy detail provided by our calibrations to meet the mission’s scientific goals. In 
addition, certain elements of the ACIS and the HETGS are being calibrated in part 
at NSLS through collaboration with us. 

Information on the repeatability and uniformity of the coatings, and the level of 
molecular contamination, will be available soon, as work continues to calibrate more 
of the 40 witness mirrors. The reflectance at the M-absorption edges is significantly 
affected by molecular contamination, as we have reported previously. 

F 
2 * Supported by NASA (NAS8-40224) and the US DOE. 
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lot. 1 D ma constants from transmission and reflection measurements 1 XSG 
v0 A 

R.L. Blake(LANL), B.H. Harris, J.J. Fitch, D.E. Graessle, and D.A. 
Schwartz(SA0) 

A program is underway to measure foil transmissions and mirror reflectivities of 
suitably prepared samples. By application of the Fresnel equations and Kramers- 
Kronig relations to terms derived from the measurements one can obtain both the 
real and imaginary parts of the complex dielectric constant for the material, which 
may be an element or compound and in any state. At the energies accessible on 
X8C/A(l-15 keV)chemical binding effects are small or can be accounted for. A 
reflectometer test station 

I, 
RTS) with one arc set angular accuracy and capable of 

routine operation in ultra- igh vacuum is used for both transmission and reflection 
measurements in this program, and also serves other users for efficiency measure- 
ments of transmission gratings, reflection gratings, multilayer gratings, windows, 
detectors, etc. 

Improvements in the x-ray ring stability made over the last year by NSLS scientific 
and technical staff now allow our 0.1 percent precision measurements to yield optical 
constants with one percent accuracy in many cases. Over the last two years we have 
measured: 

1. Ir reflectivity versus energy and angle over the M-edge region (2000-3500eV 
2. MO reflectivity of single crystal, polycrystalline, secondary- recrystallized 1 sing e 

crystals,and evaporated samples( at 5 and 10 keV). 
3. Ir, Pt, and Au foil transmissions versus energy over M- and L-edge regions. 
New data on Pt and Au will permit optical constants n and k to be determined as 

accurately as the thickness can be measured-our primary limitation for transmission 
measurements. For reflectivity data the primary limitation is from surface surface 
roughness. Both of these factors are to be improved through collaborations in future 
work. New data for Ir in both reflection and transmission are the only data available 
from measurements over the M- and L- edge regions. 



AXAF Synchrotron Calibrations of Ir-coated Witness Mirrors over x8c 
5-12 keV * 

D.E. Graessle, J.J. Fitch, B. Harris, J.P. Cobuzzi, D.A. Schwartz (SAO), R.L. 
Blake (LANL) 

Reflectance calibrations of witness mirrors to the coating processes for AXAF 

I, 
Advanced X-ray Astrophysics Facility) flight optics are proceeding rapidly on NSLS 
eamline X8C. To date, 10 mirrors have been calibrated, including at least two 

mirrors from each of the innermost three elements to be flown. The remaining 
elements will be coated within the next four months. Approximately 30 mirrors 
will be calibrated in the X8C range, with varying degrees of detail. 

X8C provides the most sensitive test of the uniformity and repeatability of the 
AXAF coating processes, because it covers the upper end of the full 50-12,000 eV 
calibration range. Angular accuracy down to one arc second is required at 10 keV 
because of the steepness of the iridium critical angle cut-off at that energy. The 
critical angle at 10 keV is approximately 27.4 arc minutes, which is also the mean 
grazing angle of AXAF’s innermost mirror pair. Therefore an accurate calibration 
will be required through this energy and angle range. Beamline X8C together with 
our reflectometer perform remarkably well at maintaining this angular certainty 
under normal operations. Notwithstanding, significant improvement is expected 
with the use of the new NSLS Digital Feedback Stabilization system in the near 
future. 

Calibration efforts have reduced the time required per mirror to approximately 
2.3 days, including operator and storage ring overheads, excluding accidental beam 
dumps. 

The coating process, which must be completed twice for each element to produce 
the required witness mirrors, is quite reproducible, indicating that we may be able to 
reduce the amount of data and operational detail required in future measurements. 
Mirrors coated in separate processes have been shown to be consistent within about 
1 - 1.5% in all cases excluding the interference fringes. This implies that the coating 
density is very uniform and reproducible from coating run to coating run. Using 
a Fresnel equation model with uniform layer thicknesses and a modified Debye- 
Waller roughness factor, we are able to fit the AXAF witness mirror reflectance 
data to within 1% relative residuals for optical constants and layer thicknesses. 
The optical constants are very similar to those published by Henke et al. (Atomic 
Data and Nuclear Data Tables, 1995) if we assume a 1.5% decrement in the coating 
density below bulk for iridium. The calibration is therefore within its error budget 
requirements, and we are now well on our way to completing a calibration of AXAF 
over 5-12 keV within 1% relative error and with full energy detail. 

THE USE OF SYNCHROTRON RADIATION IN THE CALIBRA- x8c 
TION OF AXAF 5-12 keV * I I 

D.E. Graessle, J.J. Fitch, B. Harris, J.P. Cobuzzi, D.A. Schwartz (SAO), R.L. 
Blake (LANL) 

During the past five years, significant efforts have been made to develop systems 
and procedures for calibration of NASA’s Advanced X-ray Astrophysics Facility 
(AXAF) using synchrotron radiation. The goal for the calibration is to provide 
AXAF mirror efficiency versus energy within 1% relative error over the 50-12,000 
eV energy range. AXAF has four pairs of nested Wolter Type I mirrors, which 
are internally-reflecting conic sections. As planned, witness mirrors to the coating 
processes for each of the AXAF flight mirrors would be brought to the synchrotron 
for calibration of reflectance versus energy and angle. The X8C beamline provides 
the upper range for the calibration, specifically 5-12 keV. Some thirty mirrors in all 
must be calibrated in this energy range. The mirror coatings are approximately 300 
A of iridium over a 100 A chromium binding layer on Zerodur substrates. Scans 
of reflectance versus energy and angle would be required, and would be analyzed 
for optical constants and coating layer thicknesses using a Fresnel equation model. 
The critical grazing angle for iridium above 5000 eV is less than one degree. 

The systems and procedures to be used on X8C are essentially completed. We 
have obtained reflectance measurements in the 5-12 keV range with acceptable 
accuracy and precision. Using the Fresnel model with uniform layer thicknesses 
and a modified Debye-Waller correctionfor scatter due to microroughness, we are 
able to fit reflectance versus angle of incidence down 1% values of R with less than 
1% relative residuals. Calibration of a mirror may be completed in a three-day 
period with normal operations and infrequent beam dumps. 

Sample-to-beam alignments are critical to the accuracy of the data. At 10 keV, 
the critical angle cut-off is quite steep, so that an angular error of one arc second pro- 
duces a one-percent error in reflectance, which exceeds the error budget allowance. 
Our X8C studies have shown that this degree of angular accuracy is usually attain- 
able in our system. The reflectometer operates with a horizontal plane of incidence, 
the p-polarization plane at a synchrotron. 

Calibrations of witness coupons to the actual flight optics are in progress. 

* Supported by NASA (NAS8-40224) and the US DOE. * Supported by NASA under NAS8-40224 and by the US DOE. 



Manipulating mesophase behavior of hydrated DHPE: An x-ray X9A, 
diffraction study of temperature and pressure effects. X9B 

M. CafIrey (Ohio State University) 

A pressure-temperature phase diagram for 1,2-dihexadecyl-sn-glycerol-3- 
phosphoethanolamine (DHPE) in 50 of 1 to 1,200 bar and 65 to 90 C. The lamel- 
lar gel (Lb’) phase prevails at high pressure and low temperature. It gives way 
successively to the lamellar liquid crystalline (La) and inverted hexagonal (HII) 
phases as pressure is lowered and temperature is raised. Measurements were made 
using synchrotron-based x-ray diffraction and a high pressure beryllium cell. The 
pressure-dependence of the Lb’/La transition temperature, dTm/dP, is 25 2 C/kbar. 
Compression/expansion in the lamellar phases was highly anisotropic. The isother- 
mal pressure-dependence of the chain packing and lamellar repeat distance, (d/P)T, 
in both the La and Lb’ phases was insensitive to temperature in the range studied. 
The average (d/P)T value for the lamellar repeat in the La and Lb’ phases and 
for the chain packing repeat in the Lb’ phase is 3.00.1, 1.180.06, and -0.1170.04 
/kbar, respectively. In like manner, the isobaric temperature-dependence of the 
chain packing and lamellar repeat distance, (d/T P, in both the La and Lb’ phases 
is insensitive to pressure in the range studied. 4 he average (d/T)p value for the 
lamellar repeat in the La and Lb’ phases and for the chain packing repeat in the Lb’ 
phase is -0.1540.005, -0.0530.003, and 0.00430.0002 /C, respectively. The absolute 
value of the ratio of the isothermal pressure- and isobaric temperature-dependence 
of all structure parameters measured, including area per chain, is remarkably close 
to the dTm/dP value reported above. A careful evaluation of mesophase structure 
parameters, one-dimensional electron density profile and wide-angle diffraction pro- 
file has enabled us to describe in considerable detail the structure response of the 
Lb’ phase in hydrated DHPE to temperature and pressure. Problems that can arise 
due to x-ray damage were evaluated. 

XAFS Studies of the Zinc Storage Protein of Xenopus laevis Oocytes XgB 
* 

David S. Auld, Ke Zhang (Biostructures Institute), Marcello Montorzi, Kenneth 
H. Falchuk & Bert L. Vallee (Harvard Med. Sch.) 

X. laewis vitellogenin is a zinc protein containing 1 g at of zinc per mol of protein 
of MW 220,000 (1). It is a central component of a zinc distribution system that is 
involved in a) zinc transfer from liver to oocyte sites b) zinc storage in unfertilized 
eggs and c) zinc exchange from storage molecules to apoproteins in the embryo. 
The basic protein unit in yolk platelets is derived from the proteolytic processing of 
vitellogenin. The vitellogenin cleavage products phosvitin and lipovitellin remain 
associated with each other in a microcrystalline state in the yolk platelets. The 
purified lipovitellin contains 1 g at of Zn per mol of protein while the phosvitin con- 
tains none (1). Our initial XAFS studies have been directed toward the examining 
Zn in yolk platelets and purified vitellogenin and lipovitellin. 

The XAFS spectra of the vitellogenin, yolk platelet suspension and solid 
lipovitellin are essentially identical (2). Th e results show the Zn is bound to 4.0 
N/O at 1.98 A. The XAFS spectrum of a suspension of yolk platelets with a zinc 
concentration of about 1 mM differs from yolk platelets solubilized in 1 M NaCl, 
pH 7.5 (Fig. 1) while the spectra for yolk platelets and lipovitellin dissolved in 1 
M NaCl are essentially identical (Fig. 2). Analyses of these spectra indicate the 
Zn is bound to 4 N/O atoms at 1.98 A in the microcrystals of’the yolk platelets 
but has a Cl ion or S atom coordinated to the zinc in the NaCl solubilized states 
of both the yolk platelets and the purified lipovitellin. These results suggest one of 
the N/O ligands in the crystalline suspension of the yolk platelets may be a water 
molecule that is displaced most likely by a chloride ion in the solution state. 

1. Montorzi, M., Falchuk, K. H., & Vallee, B.L. Biochemistry 34, 10851-10858, 
1995. 

2. Auld, D. S., Zhang, K., Montorzi, M., Falchuk, K. H., & Vallee, B.L. in 
preparation. 

Figure 1. XAFS spectra for yolk platelet 
suspension (circles) and solubilized in 
NaCl (line). 

* Supported by NIH grant GM-47534. 
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Figure 2. XAFS spectra of yolk platelets 

I ‘d circ es and lipovitellin (line) solubiized 
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1 TIME-RESOLVED X-RAY SPECTROSCOPY OF HEMEPRO- 
TEINS : NOVEL METHODS OF DATA ACQUISITION AND XgB 
ANALYSIS APPLIED TO MBCO RELAXATION PHENOMENA 
* 

M.R. Chance, A. Xie, L.M. Miller, R.F. Fischetti, E.M. Scheuring, W.X. Huang, 
Y. Hai, M. Sullivan, B. Sclavi Department of Physiology and Biophysics, Albert 
Einstein College of Medicine, Bronx, NY 10461 

Time-resolved x-ray structural data has become feasible based on the high flux 
and brightness of synchrotron X-Ray beams. One of the most closely examined 
problems in this area of time-resolved structure determination has been the exami- 
nation of intermediates in ligand binding to myoglobin. Recent crystallographic ex- 
periments using synchrotron radiation have identified the protein tertiary and heme 
structural changes that occur upon photolysis of the myoglobin-carbon monoxide 
complex (Schlichting et al. Nature, 371, p.808 (1994)). However, the precision 
of protein crystallographic data (~0.2 ) IS insufficient to provide precise metrical 
details of the iron-ligand bond lengths. Using time-resolved x-ray data acquisition 
techniques on microsecond to millisecond timescales along with simulations based on 
the ab initio Extended X- Ray Absorption Fine Structure code FEFF 6.01, we ana- 
lyzed data taken on photolyzed solution samples of the myoglobin-carbon monoxide 
complex from lo- 260 K. We provide precise metrical details for the Mb*CO state 
at 10 K and structural information based on x-ray edge data for microsecond and 
longer time relaxations above the glass transition. 

* This research was supported by grants from NIH HL-45892 and RR-01633 and NSF 
BIR-9303830. 

An XAS Study on CO Adducts of [NiFe] Hydrogenases X9B 

Zhijie Gu*, Suranjan B. Choudhury*, Christian B. Allan* and Michael J. 
Maroney*+ (*Department of Chemistry and +Program in Molecular and Cellular 
Biology, University of Massachusetts, Amherst, MA 01003) 

Our work is directed at understanding the catalytic mechanism of the hydroge- 
nases (Hzase) and what role(s) the Ni center plays in Ni-containing ens 
crystal structure of the Hzase from D. gigas reveals a heterodinuclear NiFe] site, I 

mes. The 

where the metals are bridged by two cysteinate ligands. One potential role of the 
Ni site is as a substrate/inhibitor binding site. In order to investigate this, we 
have examined the structure of a CO adduct of Chromatium vinosum Hzase and 
its photoproduct by using XAS. 

Carbon monoxide is a competitive inhibitor of reduced forms of [NiFe] Hzases. 
Both the Hz reduced and CO-bound enzymes are light sensitive, a property that is 
related to photodissociation of a ligand. The photodissociation is reversible upon 
annealing the sample at 200 K, and therefore provides a mechanism for studying 
the structure with CO on or off the protein. The edge obtained from the CO 
adduct and its photoproduct are shown in Figure 1. The figure shows that the 
loss of CO is accompanied by a very small (0.5(2) eV) shift in the edge energy 
that is reversible. The XANES spectrum contains features that are sensitive to 
the geometry/coordination number of the Ni. The spectra for the CO adduct and 
its photoproduct do not reveal a ls+4p, transition that is diagnostic for a four- 
coordinate planar environment. A peak assigned to a ls+3d transition is observed 
(Figure 1). This feature does not show a change that corresponds to the presence 
or absence of CO, and has an area that is most with a six-coordinate environment. 

The analysis of the EXAFS spectra are summarized by Figure 2. For the CO 
adduct the data are best fit by a combination of 4 S @2.240(l) A+ 1 Fe 0 2.618(3) 
A, and for the photoproduct the best fit is for 4 S @ 2.240 (1) A+ 1 Fe @ 2.564(4) 
A (using a backtransform window of l.l-2.6A). These fits suggest only a slight 
modification of the Ni-Fe distance, the change that is indicated by difference spectra 
as well. These results provide no evidence for a CO ligand bound to Ni center, but 
are consistent with CO binding to the Fe site. 
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Figure 1. Ni K-edge XANES spectra of 
the CO adduct of Chromatium vinosum 
hydrogenase and its photoproduct. 
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Figure 2. Ni K-edge EXAFS spectra and 
fits of the CO adduct of Chromatium vi- 
nosum hydrogenase and its photoprod- 
uct. 



1 Structural Studies of Discotic Liquid Crystals kd 

P. A. Heiney, S. Ghosh, N.C. Maliszewskyj (Penn), and Philippe Henderson (Shell 
Research, Belgium) 

We have used grazing incidence x-ray diffraction GID) to characterize a series 
of Langmuir-Blodgett films of mono- and bi-function s!ll ‘zed triphenylene derivatives. 
At the air-water interface, the molecules are oriented “edge-on” to the interface, 
and are presumed to pack cofacially. This orientation is preserved upon transfer to 
a solid substrate. The resulting multilayer films are lamellar, with the constituent 
disks organizing into columns aligned along the axis of deposition. The attachment 
of terminal hydroxyl groups to the aliphatic substituents of the disks results in 
the develo 
40 degrees P 

ment of correlations between layers and distinct tilts (approximately 
of the disks with respect to the layer normal. Within the plane of 

the film, measured d-spacings larger than the nominal size of the disks may be 
attributed to superlattice ordering of tilts of the molecules with respect to the 
column axis. The in-plane order is best characterized as “liquid-crystalline” with 
evidence of paracrystslline disorder. On heating, the films exhibit an irreversible 
phase transition to a state resembling the bulk Dhd phase, in which the disks are 
still organized in columns with no intracolumnar tilt. 

Supported by NSF Grants DMR-MRL 92-20668, DMR 93-15341. 

EXAFS and XANES Studies of Nitrile Hydratases 1 X9B 

Mark J. Nelson, John G. Cummings (DuPont), Lewellyn Durney, Daihung Duong, 
and Robert C. Scarrow (Haverford College) 

Nitrile hydratases are metalloenzymes that catalyze the hydration of nitriles to 
amides. We are studying two classes of these - those that contain low- spin Fe’+ and 
those that contain low-spin Cost. A subset of the iron nitrile hydratases is expressed 
in an inactive form and activated by light. We are studying the metal coordination 
environments of examples of each of these classes as part of a program to elucidate 
the chemical mechanisms of light activation and nitrile hydration. We have shown 
that the iron nitrile hydratases have a biologically novel Ness0 coordination with 
three histidines, two cysteines? and a hydroxide. The Fe-S bonds are slightly shorter 
at pH 9 (where the enzyme is mactive) than at pH 7, explaining dramatic differences 
in the Fe-S region of resonance Raman spectra. Subtle changes in the Fe-S bonds 
are also seen in the presence of inhibitors. We have collected data for the cobalt 
enzyme and a series of model complexes. Preliminary analysis suggests that the 
novel NsSzO coordination is preserved in this class of nitrile hydratase, as expected 
based on amino acid sequence homologies. This confirms that the cobalt nitrile 
hydratase is a cobalt-sulfur protein, the first, we believe, to be characterized. 



46 
% Metal Cluster Active Sites in Proteins IX9BI 

Lawrence Que, Jr., Gaofeng Pan, Lijin Shu, Xuedong Wang, Department of Chem- 
istry, University of Minnesota, Minneapolis, MN 55465 

In the past decade we have investigated a number of metalloproteins contain- 
ing nonheme-iron centers. This class includes catechol 2,3-dioxygenase (2,3-CTD), 
pur 

1 P 
le acid phosphatase, methane monooxygenase, and stearoyl desaturase. 
We have obtained and analyzed data for 2,3-CTD and its substrate complexes. 

A 5-coordinate iron site with an average Fe-ligand distance of 2.09 8, is found in 
the isolated protein; catechol binding elicits a new short bond at 1.93 A, which is 
proposed to be the oxygen from the deprotonated hydroxyl group of the coordinated 
catecholate monoanion. This work has been published 1 . 

2) We have collected and analyzed data on the Fe( WI 
purple acid 

)Zn(II derivative of the 

Q 
hosphatase from porcine uterus which allows us to 1 ook at the Fe(II1) 

and the Zn II) sites separately. In the phosphate complex of this derivative, the 
observation of Fe-Zn and M-P (M = Fe, Zn) distances of 3.3 and 3.2 A, respectively, 
indicates an FeZn(OR z core structure with phosphate bound to the metal center 
in a bridging mode. T h is paper is in preparation. 

3) Data was also collected on methane monooxygenase from Methylosinus tri- 
chosporium OB3b, in which an Fe-Fe separation of 3.0 is observed which we asso- 
ciate with an Fez OR z diamond structure, consistent with the crystal structure of 
the enzyme from $I1 et ylococcus capsulatus (Bath) taken at -16O“C [2]. 

4 
its d 

Stearoyl ACP A9 desaturase is the newest member of this class of proteins and 
ata is currently being analyzed. With the crystallographic data available for 

hemerythrin, ribonucleotide reductase and the hydroxylase component of methane 
monooxygenase, kidney bean phosphatase, and EXAFS data for the other proteins, 
we will be able to identify the common structural features that make up these 
dimetallic sites within this class and to discern the variations in structure that 
control mechanism and function. 

EXAFS of Azotobacter vinelandii Nitrogenase Iron Protein: MgATP 
does not Disruot the [4Fe-4S] Cluster * X9B 

5) We have also examined the EXAFS of model complexes related to intermedi- 
ates of these iron proteins; these results are published [3-51. Data was also taken and 
analyzed on copper model complexes modelin 
metalloproteins, and this paper is published [6 . In two cases, the EXAFS analysis f 

the copper dioxygen chemistry in 

has been crucial for the structure determination of these unstable model complexes. 
[l] Shu, L., Chiou, Y.-M., Orville, A. M., Miller, M. A., Lipscomb, J. D., Que, 

L. Jr. Biochemistry 34: 6649-6659 (1995 . 

5 
21 Rosenzweig, A. C., Nordlund, P., ?, 

s. . 
akahara, P. M., Frederick, C. A., Lippard, 

Chemistry & Biology 2: 409-418 (1995 . 
[3] Kitajima, N., Tamura, N., Amagai, Ii ., Fukui, H., Moro-oka, Y., Mizutani, 

Y., Kitagawa, T., Methur, It., Heerwegh, K. Reed, C. A., Randall, C. R., Que, L. 
Jr. 

(41 Randall, C. R., Shu, L., Chiou, Y.-M., Hagen,(K. S Ito M Kitajima, N., 
Tatsumi, K. J. Am. Chem. Sot. 116: 90’71-9085 1994). 

Lachicotte, R. J., Zang, Y., Que, L. Jr. Inorg. Chem. 34: ‘iO361103’6 (1995 . 

6 
51 Dong, Y., Fujii, H., Hendnch, M. P., Leising, R. A., Pan, G., Rand al? 

W’ kinson, 
C. R., 

E. C., Zang, Y., Que, L. Jr., Fox, B. G., Kauffmann, K., Mnck, E. J. 
Am. Chem. Sot. 117: 2’7’78-2792 (1995 . 

[6] Mahapatra, S., Halfen, J. A., Wil h ‘nson, E. C., Pan, G., Cramer, C. J., Que, 
L. Jr., Tolman, W. B. J. Am. Chem. Sot. 117: 8865-8866 (1995). 

R. C. Scarrow, N. Taufen (Haverford College), L. C. Seefeldt, and W. N. Lanzilotta 
(Utah State University) 

Previous studies have suggested that MgATP or MgADP binding to the nitro- 
aenase iron nrotein IFeP) induces protein conformational changes which control . 
component docking, intercomponent electron transfer and substrate reduction. Res- 
onance Raman and CD spectra suggest that MgATP binding to oxidized FeP may 
partially convert the [4Fe-4s ‘+ 
T. V., Mortenson, L. E., an d 

cluster to [2Fe-2S]+ clusters (Fu, W. G., Morgan, 
Johnson, M. K. (1991) FEBS Lett. 284, 165-8). To 

test this, we measured the Fe K-edge XAS of frozen (30K) oxidized FeP in the 
presence and absence of MgATP, and find no significant changes in either the edge 
or EXAFS spectra, which resemble those of a model [4Fe-4S] complex (Figure 1). 

Edges were modelled identically for the two protein samples: 75% Gaussian/25% 
Lorentzian edge centered at 7119.5 eV with width 7.2 eV, and Gaussian pre-edge 
peaks at 7112.4 and 7119.1 eV (FWHH = 2.3 and 3.7 eV; areas = 0.27 and 0.6 eV 
x edge height). The best EXAFS fits have 4 or 5 sulfur scatterers (rp=s = 2.28A) 
and 3 iron scatterers (r&Fe = 2.72 A) per iron. Assuming disorder is the same for 
both samples, the refined number of Fe-Fe scatterers are very similar; with Au2 = 
0.001 A’, n = 3.24(6) and 3.12(6 

The similarities of the XAS an d 
in the absence of presence of MgATP. 
the EXAFS analyses indicate that the iron in ox- 

idized FeP is in a [4Fe-4S] ‘+ cluster with and without added MgATP. These results 
extend earlier findings of no XAS-detectable changes in the [4Fe-4S]lt cluster upon 
addition of MgATP to reduced FeP (Lindahl, P. A., Teo, B. K., and Orme-Johnson, 
W. H. 
oxidize 6 

1987) Inorg. Chem. 26, 3912-6). They also support recent CD results for 
FeP bound to nucleotides (Seefeldt, L. C., Ryle, M. J., Lanzilotta, W. N., 

C., and Jensen, G. M., J. Biol. Chem. (1996), 271, 1551-7). Scarrow, R. 
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Figure 1. Baseline corrected and normalized Fe K-edge XAS of FePox in the ab- 
sence (thin line) or presence (thick line) of MgATP, and of 
(dots). a) Edge; successive spectra are offset by 0.1. b) E 

CHs)4N]aFe4S4(SPh)4] 
AFS. 

* supported by National Science Foundation Grant MCB-9315835 



STRUCTUREFUNCTION OF COBALAMIN DEPENDENT EN- 

I I ZYMES: X-RAY ABSORPTION STUDIES ON METHIONINE X9B 
1 SYNTHASE FROM E. COLI * 

E. Scheuring’ , S. Huang ‘, R. G. Matthews’, and M. R. Chance’ (‘Department of 
Physiology and Biophysics, A. Einstein College of Medicine, Bronx, N.Y., 10461, 
and ‘Biophysics Research Division and Department of Biological Chemistry, Uni- 
versity of Michigan, Ann Arbor, MI) 

The first crystallographic data on an enzyme bound cobalamin cofactor, methyl- 
cobalamin bound to the 27 kDa fragment of methionine synthase from E. coli (Dren- 
nan, C. L. et al. Science, 1994, 266, 1669) revealed dramatic changes in the struc- 
ture of the cofactor upon enzyme binding. The most striking change is that the 
5,6-dimethylbenzimidazole (DMB group of the cofactor is displaced and replaced 
by a His group of the enzyme. ?, he DMB base with the sugar phosphate linkage 
penetrates into a deep pocket of the enzyme to stabilize enzyme binding. His759 
of the enzyme, bound to the Co atom, is part of a hydrogen bonding network in- 
volving Asp757 and Ser810 residues. Examination of different mutants, affecting 
the three catalytically important residues, His759, Asp757, Ser810, provides in- 
sights into how the enzyme controls the Co-C bond cleavage. X-ray edge results on 
the Co(I1) form of mutant H759G shows that replacing His759 with a Gly residue 
causes the formation of a four-coordinate species with no Gly ligation to the Co. 
The Co(I1) form of mutant D757E, in which Asp757 is replaced by Glu, indicates 
similar geometry to that of the wild-type Co(I1). Both mutants have edge positions 
at lower energies indicating higher electron density on the Co(I1) form of mutant 
H759G shows that replacing His759 with a Gly residue causes the formation of a 
four-coordinate species with no Gly ligation to the Co. The Co(I1) form of mutant 
D757E, in which Asp757 is replaced by Glu, indicates similar geometry to that of 
the wild-type Co(I1). Both mutants have edge positions at lower energies indicating 
higher electron density on the Co with respect to the wild-type Co(I1) form. 

X-ray Absorption Spectroscopy Comparison of the Active Site Struc- 
tures of Phanerochaete chrysosporium Lignin Peroxidase Isoenzymes X9A 

H2, H3, H4, H5, H8, and HlO * 
Xgg 

Ii. Sinclair, B. Copeland, I. Yamazaki, and L. Powers(National Center for the 
Design of Molecular Function, Utah State University) 

The iron heme and its immediate environment can provide information that is 
pivotal to our understanding of the structural and mechanistic features that confer 
unusual properties to the heme peroxidases. X-ray absorption spectroscopy (XAS), 
which is ideally suited for the investigation of the local environment and electromc 
structure of the heme iron of hemeproteins, has been used to characterize a variety 
of lignin peroxidase and manganese- dependent peroxidase isoenzymes produced by 
the white rot fungus Phanerochaete chrysosporium. The data suggest no differences 
within the error in the first coordination shell of iron for the isoenzymes H2, H3, H4, 
H5, H8, and HlO examined in this study. The pyrrole nitro ens are at a distance of 
2.05 [0.015] A, the proximal histidine nitrogens are at 1.93 ‘i 0.021 A, while the sixth 
ligands are located at 2.17 [0.03] A. Significant differences are observed in higher 
coordination shells which may be related to differences in conformational differences 
in the heme. 

Fd 
2 * This work is supported by NIH grants, RR01633 (M.R.C.) and GM-24908 (R.G.M.). * NIH RR01633 



Structural Characterization of the Effects of Halide Inhibition on Mn XgB 
Catalase * 
Timothy L. Stemmler and James E. Penner-Hahn (University of Michigan) 

Manganese catalase, isolated from Lactobacillus plantarum, is a dinuclear Mn 
protein which catalyzes the disproportionation of HzOz to 02 and HzO, cycling 
between Mn(II)/Mn(II) and Mn(II1) 
bated in the presence of peroxide, t l 

Mn(II1) [l]. If the reduced enzyme is incu- 

the Mn II)/Mn(II) 
e final product contains a 60:40 mixture of 

the oxi d ized 
and Mn(III)/Mn(III) f orms. In contrast, incubation of either 

or the reduced enzyme with peroxide in the presence of inhibitory 
f2qncentrations of fluoride converts the enzyme entirely to the Mn(II)/Mn(II) form 

Halide inhibition of Mn catalase is pH dependent, with stronger inhibition occur- 
ring at lower pH values. However, EXAFS data (see Figure 
alone has no significant effect on the Mnz core structure. 1’ 

demonstrate that pH 
n contrast, incubation 

in the presence of halides and peroxide results in a change to a more symmetric 
Mn-nearest neighbor environment. 

The native enzyme has extremely weak outer shell scattering [3], suggesting rela- 
tively few imidazole ligands and no detectable Mn...Mn interaction. However, when 
the enzyme is inhibted with fluoride, a new peak, attributable to a Mn...Mn inter- 
action at 3.5 A, appears (see Figure . 
range metal...metal interactions in E k 

In model compounds the detection of long 
AFS generally reflects the presence of multi- 

ple bridging ligands between the metals [4]. Thus, fluoride inhibition may result in 
formation of an additional bridging ligand, such as F- or OH-. This provides the 
first direct structural data for the fluoride inhibited enzyme. Detailed analysis of 
these data is in progress. 

5, Pu 
l] Penner-Hahn, J. E. In Manganese Redox Enzymes; V. L. Pecoraro, Ed.; VCH 
l&hers, Inc.: New York, 1992; pp 29-45. [2] Waldo, G. S.; Penner-Hahn, J. E. 

Biochemistry 1995, 34, 1507-1512. [3] Waldo, G. S.; Yu, S.; Penner-Hahn, J. E. J. 
Am. Chem. Sot. 1992, 114, 5869-70. [4] Riggs-Gelasco, P. J.; Stemmler, T. L.; 
Penner-Hahn, J. E. Coord. Chem.. Rev. 1995, in press. 

Figure 1. Fourier transforms for reduced Mn catalase. 

* Supportedin part by the NM, Grant GM-45205 to JEPH 

XAS of Rat Liver Arginase. Characterization of the Mnz Core During XgB 
Catalase Turnover * 
T.Stemmler, J.Penner-Hahn (Univ Michigan), D.Ash and T.Sossong (Temple Univ) 

Arginase catalyzes the hydrolysis of arginine to ornithine and urea. As arginine is 
the substrate for NO synthase (NOS), ar mase may be important in regulating NOS g’ 
activity. Rat liver arginase contains a dinuclear Mn active site [l] and is thus similar 
in structure to other dinuclear metalloproteins, including Mn catalase. Consistent 
with this structural similarity, arginase has recently been found to catalyze slowly 
the disproportionation of HrOz[2]. We previously reported EXAFS and k E! ANE 
for Mn catalase [3-41. Here we describe recent extensions to include arginase. The 
ultimate goal of this work is to establish the features that distinguish the arginase 
and catalase active sites. 

Recently it has been found (Ash & Sossong, unpublished results) that the addition ssong, unpublished results) that the addition 
of Hz02 in the presence of ornithine gives an initial burst of 02 production, followed .e gives an initial burst of 02 production, followed 
by slow, irreversible inactivation of the catalase activity. The XANES (not shown) If the catalase activity. The XANES (not shown) 
indicate that the Mn remains Mn(I1). This is in contrast to the behavior of Mn is in contrast to the behavior of Mn 
catalase, where addition of Hz02 gives a mixture of Mn(I1) and Mn(II1) [4]. The a mixture of Mn(I1) and Mn(II1) [4]. The 
absence of significant change in the XANES spectra suggests that the ormthine + absence of significant change m the XANES spectra suggests that the ormthine + 1. . inactivation does not result in any significant change in the local environment of the significant change in the local environment of the 
Mn in areinase. In contrast, there is a significant change in the EXAFS spectrum ?S spectrum 
of the in&ivated enzyme 

There is no significant d 
see Figure). - 
n...Mn peak in the spectrum for native arginase. How- 

ever, a new peak appears at a distance corresponding to a Mn-Mn distance of ca. 
3.4 8, following inactivation, suggesting that there has been a significant change in 
the dinuclear ii/m site. 

[l] Reczkowski, R. S.; Ash, D. E. J. A m. Chem. Sot. 1992, 114, 10992-4. [2] 
Khangulov, S. V.; Pessiki, P. J.; Barynin, V. V.; Ash, D. E.; Dismukes, G. C. 
Biochemistry 1995, 34, 2015-2025. [3] Waldo G. S.; Yu, S.; Penner-Hahn, J. E. 
J. Am. Chem. Sot. 1992, 114, 5869-70. [4] Waldo, G. S.; Penner-Hahn, J. E. 
Biochemistry 1995, 34, 1507-1512. 

Figure 1. FT before and after inactivation with ornithine+HzOs. 

* Supportedin part by the NIH, Grant GM-45205 to JPH 
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XAS OF SUPEROXIDE DISMUTASE. USE OF A SAGITTALLY XgB 
FOCUSED BEAM TO AVOID PHOTOREDUCTION * 

D.Tierney, J.Penner-Hahn (Univ of Michigan), and F. Yamakura (Juntendo Univ) 

Superoxide dismutase (SOD) catalyzes the disproportionation of superoxide to 
Hz02 and 02 while cycling between an oxidized and a reduced state. The Fe and Mn 
SODS constitute a family of closely related proteins [l], having homologous folding 
patterns and complete conservation of metal ligation. Despite this similarity, Mn 
and Fe are not necessarily interchangeable. If the Thermus thermophilus or E. coli 
MnSODs are reconstituted with Fe, the resulting protein is inactive [2]. Similarly, 
the Pseudomonas ovalis FeSOD loses activity when reconstituted with Mn [3]. 

In order to compare, at high resolution, the structures of the Fe and Mn enzymes 
and to determine the structure of the enzyme when substituted with the “wrong” 
metal [4!, we have undertaken EXAFS measurements of FeSOD [5], and native and 
Fe substituted MnSOD. The latter are limited by the sensitivity of the MnSOD 
to photoreduction. In contrast to the Fe enzyme, where photoreduction is rela- 
tively slow [5], Mn(III)SOD and Fe(II1) substituted MnSOD suffer extremely fast 
photoreduction, giving > 50% reduction in ca. 10 hours at 40K. 

To avoid photoreduction, we used the sagitally focused beam at X9-B to focus 
the incident x-rays to a small spot and translated the sample horizontally at the 
end of each scan. Recent measurements (see Figure) confirm the utility of this 
approach. The difference XANES spectra for conventionally measured data show 
clear evidence for photoreduction. In contrast, there is no detectable photoreduction 
for the data measured using the sagitally focussed beam. Analysis of these data is 

ln /?$r$ngs, W.; Pattridge, K.; Strong, R.; Ludwig, M. J. Biol. Chem. 1984 
259, 10695-g. [2] Yamakura, F.; Suzuki, K. J. Biochem. (Tokyo) 1980, 88, 191-S: 
[3] Ose, D.; Fridovich, I. Arch. Biochem. Biophys. 1979, 194, 360-4. [4] Yamakura, 
F.; Matsumoto, T.; Terauchi, K. Free Radical Res. Commun. 1991, 13, 329-34. 
[5] Tierney, D.; Metzger, A.; Ludwig, M.; Penner-Hahn, J. Biochemistry, 1995, 34, 
1661-1668. 
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Figure 1. Difference XANES spectra relative to first scan. A 
h Measured as described in text. Elapsed time ca. 16 hours in eat 

Conventional B) 
case. 
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z * Supportedin part by the NIH, Grant GM-45205 to JEPH 

Structure of Binary and Ternary Complexes of Zinc and Cobalt Car- XgB 
boxypeptidase A as Determined by XAFS * 

Ke Zhang (Biostructures Institute) and David S. Auld (Harvard Med. Sch.) 

Carboxypeptidase A, ZnCPD, is typical of a wide range of exo and endometallo- 
proteases that have 3 protein ligands and a water molecule bound to a catalytic Zn 
atom. Such enzymes generally have bell-shaped pH-activity profiles (EHa tf EH tf 
E 

k 
where the concentration of the catalytic species EH is regulated by pKn~z and 

P EH. 
This XAFS study has determined the structure and pH behavior of binary and 

ternary product complexes of CPD A in order to examine the role of the Zn-bound 
water in catalysis. Increasing the pH from 7 to 10 of its L-Phe complex results in 
the same type of progressive changes in the near-edge XAFS spectrum as is seen 
for ZnCPD (1 but the changes are complete by more than 1 pH value below that 
observed for d nCPD (Fig. 1). The results are in agreement with kinetic studies 
that show E binds the protonated form of L-Phe more tightly than EH, thus in 
effect decreasing the value of pKn~. 

Addition of azide to ZnCPDeL-Phe at pH 7 markedly changes the Zn coordination 
sphere (Fig. 2) f rom 4 N/O atoms at 2.021 A and 1.4 N/O atoms at 2.54 A to 3.9 
N/O atoms at 1.995 A. The XAFS spectra of the ternary complex is pH independent 
from 7 to 9 (Fig. 2) in agreement with the ionization of the water being the source 
of the spectral changes in the free enzyme and its binary L-Phe complex (2). The 
enzyme*azide.L-Phe complex is likely bound in a manner analogous to that expected 
for a post-transition state in a bi-product complex for peptide hydrolysis i.e. the 
carboxylate anion of the peptide bound to the Zn and the protonated form of L-Phe 
H-bonded to the catalytic Glu-270 carboxylate. 

1. Zhang, K. & Auld, D. S. Biochemistry 32, 13844-13851, 1993. 
2. Zhang, K. 8z Auld, D. S. Biochemistry, in press. 
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Figure 1. XAFS spectra of ZnCPD-L- 
Phe at pH 6.56 (solid) and 8.83 (circles). Figure 2. RDF of ZnCPDsL-Pheeazide 

at pH 7.9 
ZnCPDeL- 6 
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* Supported by NIH grant GM-47534. 
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B 1 Phase Behavior of Liquid Crystals in Silica Aerogels * 1 XlOA 1 

Noel A. Clark, A.G. Rappaport, T. Bellini, and B.N. Thomas (University of Col- 
orado, Department of Physics, Condensed Matter Laboratory, Boulder, CO) 

Phase behavior in the presence of externally induced disorder is an area of current 
research in statistical physics. Liquid crystals LCs) are particularly interesting in 

I, this context. Because they posses rather wea orientational and partial transla- 
tional ordering, which is readily affected by surface interactions, the phase behavior 
of liquid crystals can be strongly influenced by incorporation into porous solid me- 
dia of high surface to volume ratio. The most basic LC translational ordering is 
the nematic - smectic A (NA) t ransition, wherein a one dimensional layering of 
molecules into a stack of 2d liquid-like layers appears. 

We report the results of an X-ray diffraction study of the smectic A layer structure 
with the liquid crystal incorporated into the pores of silica aerogel This is the first 
quantitative study of the effect of externally induced disorder on liquid crystal layer 
structure. The LC is incorporated into silica aerogels, highly porous solids formed 
by dehydration of suspensions of aggregates of nm drmension silica particles. The 
aerogel pores, ranging in mean size from 12OA to 700A form a continuously con- 
nected volume which can occupy a volume fraction 4 approaching unity (4 5 0.95 
in the experiments reported here), of high surface to volume ratio. The results show 
that the aerogel confinement radically alters the nematic - smectic A transition. At 
the lowest temperatures local smectic ordering extends out to dimensions compara- 
ble to the pore size or somewhat larger, but for temperatures near the bulk nematic 
- smectic A transition, the smectic order is strongly suppressed. 

Figure 1. Correlation lengths for smectic A ordering vs temperature T for bulk 
8CB and 8CB in a series of silica aerogels of indicated pore size. The divergence 
at the bulk NA transition of the bulk correlation lengths for smectic ordering along 
the director (I]) and normal to the director (I) is also shown. The smection order 
is strongly suppressed at temperatures near the bulk transition, but ultimately 
grow to be comparable to or larger than the pore size. Although the bulk smectic 
correlations are highly anisotropic [&l >> El], th e x-ray lineshapes show that in the 
aerogel the correlations are nearly isotropic. 

* Supported by NSF Grant DMR 92-23729 

Chain Length Dependence of the Cn/Au(lll) Tilt Structure * XlOA 

P. Fenter, A. Eberhardt, K. S. Liang and P. Eisenberger (Princeton Univ.) 

We use grazing incidence x-ray diffraction to study the systematic structural 
dependence of an archetypal self-assembled monolayer as a function of the chain 
length, n. The monolayer consists of n-alkyl thiol molecules, CHs(CHz)+lSH (C,, 
lO<n<30)> self-assembled on a Au(ll1) surface. At room temperature, the 2D 
structure IS described by a C(4x2) unit mesh 

!l 
1,2,3] at all chain lengths. We find 

that there is a systematic dependence of the t’ t structure as a function of the hy- 
drocarbon chain length which is characterized by distinct ‘long’ (nz16) and ‘short’ 
(ns14) chain length regimes, as well as a continuous structural variation within 
each regime [4], For example, the tilt angle for n<14 is 3’ greater than the tilt 
angle for n>16, and the tilt direction shows a clear trend of shifting away from 
the NNN dEection as the chain length decreases. Furthermore, there appears to 
be a discontinuous change in the tilt angle between these two regimes. A param- 
eterization of the hydrocarbon packing leads to the conclusion that the long and 
short chain length regimes closely resemble the orthorhombic and monoclinic chain 
packing of n-alkanes. These systematic structural changes are apparently due to 
the conflicting requirements of epitaxy and molecular packing, and is driven by the 
changing intrslayer interaction 

strength (which is proportional to hydrocarbon chain length). . 
III, C. E. D. Chidsey, G.-Y. Liu, and G. Stoles, J. Chem. Phys. 

* This work is supported by DOE award number DEFG02-93ER45503. 
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Growth of Self-Assembled Monolayers: Decanethiol/Au(lll) XlOB 

A. Eberhardt, P. Fenter, B.T.Y. Leung, and P. Eisenberger (Princeton U.) 

The adsorption kinetics of decanethiol (CHs(CHs)sSH) self-assembled on 
Au(ll1) have been investigated by grazing incidence x-ray diffraction. The mono- 
layers were formed on a clean single-crystal gold substrate by vapor deposition in 
a small UHV chamber. The diffraction intensities were measured both in real time 
and in an interrupted growth mode, to examine partial layers more carefully. The 
growth curves are consistent with Langmuir kinetics, in which the adsorption rate 
is proportional to the number of remaining sites. The initial sticking coefficient has 
been found to be on the order of 10s6 at room temperature. A preliminary phase 
diagram as a function of temperature and coverage has been developed, including 
at least three different phases: the close-packed C(4X2) unit cell, a striped phase, 
and a disordered, melted phase. 

Two different adsorption mechanisms have been found; one dominates at higher 
temperature (> 30 “C), the other at lower temperature (< 5 “C). These are believed 
to correspond to direct and to physisorption-mediated chemisorption, respectively. 
At low temperature, the growth rate increases as the square of the thiol pressure, 
implying a bimolecular transition from the physisorbed to the chemisorbed state. 
This could be explained if the surface structure is composed of disulfides [1], or if a 
molecular hydrogen is required in the reaction products to make the process ener- 
getically favorable. The low temperature growth rate decreases exponentially with 
increasing temperature, strongly suggesting a physisorbed precursor, with an acti- 
vation energy of about 1.4eV. In contrast, the high temperature rate is independent 
of temperature over the range studied (-15 ‘C to 70 “C)! and increases linearly with 
increasing pressure. The observations are consistent wrth a combination of a sim- 
ple, direct chemisorption reaction, and a more complicated two-molecule adsorption 
process involving an intrinsic physisorbed precursor state. 

[1] P. Fenter, A. Eberhardt, and P. Eisenberger, Science 266, 1216 (1994). 

I Structure and Evolution in an Organic Thin Film: PTCDA/Au(lll) 
* I I 

XIOB 

P. Fenter, L. Zhou, P. E. Burrows, S. R. Forrest and P. Eisenberger (Princeton 
Ulliv) 

We have used grazing incidence x-ray diffraction to study the growth of 3,4,9,10 
perylenetetracarboxylic dianhydride (PTCDA on Au(ll1) under ultra- high vac- 
uum by organic molecular beam deposition. J TCDA 1s an archetype planar crys- 
talline organic molecule, which we are using to study the fundamental 

We find that the film 
conditions (i.e., growth 
ing, for instance, a few monolayer roughness for a 
substrate temperature and fast growth rates, a 3D mor 
thin wetting layer) under more equilibrium conditions 
strate temperatures). These observations suggest that 
Au(ll1) at equilibrium, but that kinetic barriers 
the “flat” films grown under non-equilibrium conditions. 

Our initial measurement of the film structure and order 
these PTCDA films are highly ordered, and exhibit a well d 

l] demonstrated that 
efined film thickness. 

The films are orientationally aligned to the Au substrate within the surface plane 
(with a in-plane mosaic of l-2’). We also have determined that the film is strained, 
which is characterized as a change in the a/b ratio of the 2D unit mesh. 

We have begun to extend these studies to determine the evolution of strain as 
a function of film thickness. We have found that under the non- equilibrium con- 
ditions in which PTCDA grows in a “flat” film morphology, the film exhibits both 
a significant strain of 8%, which is independent of the film thickness to at least 
70ML ( 2OOA). The film al so exhibits an inhomogeneity along the alignment di- 
rection, which decreases linearly to zero over this range of film thicknesses. This 
clearly shows that a significant strain can be “locked-in” to the lattice of molecular 
lattices under kinetically limited growth conditions. 

[I] P. Fenter, P. Burrows, P. Eisenberger, and S. Ft.. Forrest, J. Cry& Growth 
152, 65 (1995). 

* Supported by MRSEC grant number DMR94-00362 and the AFOSR 
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1 Structure of w-Substituted Self-Assembled Monolayers * ) XlOB 1 

T. Y. B. Leung, A. Eberhardt, P. Fenter, P. Eisenberger, and G. Stoles (Princeton 
Univ) 

We have performed initial grazing incidence x-ray diffraction studies of the struc- 
ture of w-substituted alkyl thiols, CHz=CH-(CH z 
surfaces to determine what affect small chemical c h 

s-SH, self-assembled on Au(ll1) 
anges may have upon the mono- 

layer structure and properties, and as a clear structural basis for understanding the 
stereochemistry of reactive beams with the terminal double bond. The monolayers 
are grown by vapor deposition, and studied under ultra-high vacuum conditions. 

Although the substitution of the inert -CHs group by a double bond functionality 
was not expected to have a significant impact upon the monolayer structure, our 
initial results indicate that these monolayers have a 2D structure different from 
that of the -CHs terminated compounds, and remarkably, exhibit a much higher 
thermal stability. The unit mesh of the w-substituted monolayer has dimensions of 
4.997Aby 17.32A, as compared to the C(4x2) structure [1,2] of the -CHs terminated 
monolayer which has dimensions of 9.994Aby 8.66A. Furthermore, the w-substituted 
monolayer does not exhibit the centered rectangular symmetry found for the -CHs 
t,,d&ated monolayer [3], since we do not find any systematic absences of the Bragg 

A second surprising feature is that the thermal stability of this system is much 
higher than that of the alkyl thiol system. For instance, we find that the w- 
substituted monolayers begin to show signs of re-arrangement at temperatures above 
120°C, whereas similar chain length alkyl thiols melt at approximately 65’C. These 
observations indicate that small changes to the molecular structure can induce large 
changes in the monolayer structure and stability. 

III, C. E. D. Chidsey, G.-Y. Liu, and G. Stoles, J. Chem. Phys. 

Eisenberger, and K. S. Liang, Phys. Rev. Lett. 70, 2447 (1993). 
Eberhardt, and P. Eisenberger, Science 266, 1216 (1994) 

Fe and MO K-edge EXAFS of CO-inhibited A.v. Nitrogenase 1 XlOC 

B. J. R. Weiss, S. P. Cramer (U. C. Davis), R. Tittsworth, and B. J. Hales (Lousiana 
State U.) 

Nitrogenase is nature’s agent for fixing nitrogen, converting atmospheric dinitro- 
gen into ammonia for plant, animal and human consumption. The enzyme contains 
two metalloproteins: the Fe protein, which contains an Fe:S center, and the larger 
MoFe protein, containing both an Fe:S cluster and the Mo:Fe:S cofactor. While the 
crystallographic structure of the resting state is known, CO and (of even greater in- 
terest) Nz bind to reduced states which cannot be crystallized, and whose structure 
is unknown. 

We are using both Fe and MO K-edge EXAFS to look for structural changes in 
the reduced intermediates and to determine which atoms are involved in substrate 
and inhibitor binding. While there are multiple iron atoms in each of the proteins, 
there is a single molybdenum atom located at the active site; thus, information 
from the MO K-edge is much more specific, and any shifts should be indicative of a 
change in the redox state of molybdenum, and imply direct involvement of the MO 
atom in nitrogen fixation. 

EXAFS scans were taken at both the Fe and MO K-edges of CO-inhibited A.v. 
nitrogenase. We were able to reproduce previous data sets, and the resulting fourier 
transforms are shown below compared to Fe and MO EXAFS of resting state A.v. 
nitrogenase. Further analysis is currently underway. 

Preliminary work was also done on &Hz-inhibited A.v. nitrogenase at both Fe 
and MO K-edges, and on “deep turnover” nitrogenase at the MO K-edge. 

Co-hhbhzd 
Fe.Mo _ 

Figure 1. Fourier transforms of Fe K- Figure 2. Fourier transforms of MO K- 
edge EXAFS edge EXAFS 

* This work is supported by DOE award number DEFG02-93ER45503 



1 Lead Speciation of a Mixed Soil Component System Using EXAFS I XllA 1 

T.E. Alcacio, G.M. Lamble*, A. Scheidegger and D.L. Sparks U. of Delaware, 
*NSLS, BNL 

The chemical behavior of any element in the environment depends on the nature 
of its components. Most natural systems are quite heterogeneous and have both 
mineral and organic phases present. Thus, there is a potential for many species 
to be present. The actual form or species needs to be determined in order to gain 
insight into the physical chemistry of natural systems as well as into the nature 
of pollutant interactions. In this study, Extended X-ray Absorption Fine Structure 
Spectroscopy was utilized to determine the local chemical environment of Pb treated 
pyrophyllite and gibbsite. Both minerals were then mixed together in a 1:l ratio 
and studies of the EXAFS spectra was performed as well. The radial distribution 
function for the gibbsite shows a first coordination shell occurring at 2.01 and a 
second coordination shell at 3.60 . These distances, which are uncorrected for phase 
shifts, are comparable to bond distances expected for Pb-0 and Pb-Pb respectively. 
In contrast, the pyrophyllite which has nearly a 4X greater surface area shows only 
one peak at 1.90 (Pb-0) and no second coordination shell. 

We suggest the formation of Pb polynuclear species on the gibbsite surface results 
from greater crowding of lead atoms on the surface. 

When the two samples undergo mixing, the spectra for the mixed component 
system agrees well with the prominent features displayed by the spectra for the two 
individual components. It is hoped that this study will spur further investigations 
of heterogeneous systems which model natural systems. 

W Compnrlson 01 Pb ou Pyropbylllle. 
Pb on Cibbsile and Pb on Mix ol Both 

r= 1.73 )Ilnol pb III” Oibbsite 

I-= 1.73 )~mol pb m”Oibbsilc 

R(A) 

F Figure 1. Fourier transform of pyrophyllite (lower), gibbsite (middle), and mix- 

22 
ture(top) of both. 

Chromium speciation in hazardous, cement-based waste forms XllA 

S. Bajt (CARS, U. of Chicago), J. F. Lee (Synchrotron Radiation Research), Cen- 
ter, Taiwan), S. B. Clark (SREL, U. of Georgia), G. M. Lamble (BNL), C. A. 
Langton, L. Oji (Westinghouse Savannah River Company) 

Chromium contaminated waste streams can result from metal plating or finishing 
processes, where Cr is usually present as the highly soluble and toxic CrO:- species. 
Cement-based forms are frequently used to immobilize such liquid wastes. Studies 
on chromium release from these waste forms indicate that CrOz- diffuses rapidly, 
and is significantly more mobile than reduced Cr z+. Consequently, formulations of 
cements have been developed to control the chromium speciation in situ to favor the 
less soluble and less mobile Cr3+ ion. Therefore the knowledge of the oxidation state 
and local environment of Cr in situ is essential to predict long-term contaminant 
release from the waste form. 

XANES and EXAFS techniques were used to determine the oxidation states and 
local environment of Cr in cement-based waste forms. Simulated waste solutions 
were prepared using NazCrOd, and mixed with cement materials to give 2500 
ppm Cr in solid matrix. Three mixtures and two standards were analyzed in this 
experiment (Table 1). Mix 1 consisted of slag, Mix 2 of slag, fly ash and Portland 
cement, and Mix 3 of Portland cement only. Figure 1 shows the near edge spectra 
from the Cr K-edge of five samples. It is quite clear that the structural environment 
of Cr in Mix 1 is very similar to Cr in CrOOH. The XAFS spectrum Cr in Mix 3 
and Mix 1 agree very well with those of Cr-0 in CrO:- and CrOOH, respectively. 
The large difference in the Cr-0 distances in these two environments are easily 
distinguishable. Coordination numbers for Mix 2 suggest that this mixture consists 
of about 25% Cret and 75% Crsf species (Table 1). 

Results show that the Cr in untreated Portland cement formulations remains as 
toxic Cret, while slag additives to the cement reduce Crat to the less toxic, less 
mobile Cr3+ species. EXAFS analysis suggests that the Crat species is surrounded 
by four nearest oxygen neighbours, while reduced Cr3+ species is surrounded by six 
oxygen atoms. 

Table 1 
Sample 
K2CrO4 

N $~22%) R(iO.P2Q5in A 

mix #3 5:40 1:66 
llliX#C! 1.65, 1.98 

($2:; 1*3:h46.g3 6:21 ::;i 

Figure 2. (Table) 
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1 XAFS and Developing Plants for Phytoremediation 1 XllA 1 1 Progress in fabricating capillary fibers for x-ray concentrators 1 XllA 1 

W.R. Berti (Du Pont), G.M. Lamble (BNL), S.D. Cuningham, and J.W. Huang D.L. Brewe (U. of Washington), S.M. Heald (Pacific Northwest National Lab), B. 
(Du Pont) Barg, F.C. Brown, K.H. Kim, and E.A. Stern (II. of Washington) 

Traditional solutions to remediate Pb-contaminated soils rely primarily on ex- 
cavation, stabilization with cement, and landfilling. These techniques are invasive 
and expensive, resulting in drastically disturbed soils and landscapes. Phytoreme- 
diation uses plants and soil conditioning agents to remediate contaminated soils in 
an “eco-friendly” manner. 

Phytoextraction., or biomining, uses plants to remove or destroy contaminants 
from the soil matrrx. For the phytoextraction of Pb, there is a need to find, breed, 
or develop plants that can translocate Pb from roots to the tops. The Pb is then 
removed by harvesting and processing the above ground portion of the plants. For 
this technology to be effective, however, plant tops must “hyperaccumulate” Pb in 
excess of 1% 
high as 1%. 4 

dry-weight basis). We regularly find roots of plants that contain as 
he tops of these plants, however, rarely have total Pb concentrations 

as high as 0.1%. Information provided by XAFS about the forms of Pb in plant 
parts and its location within the plant may be valuable in this research. It may help 
guide selection of plant species and traits to use in the development or breeding of 
Pb-hyperaccumulating plants. 

Guiding x-rays down the inside of tapered capillaries is a means to increase the 
flux density from synchrotron light sources, without some of the disadvantages 
inherent in some other techniques. We have demonstrated that a process based on 
techniques for fabrication of glass fibers may be used to produce tapered capillaries 
with inlet diameters on the order of 150pm or more and outlets on the order of lpm 
or less ‘. Several capillaries made from pure silica glass were manufactured and 
the performance was tested at XllA. Pure silica has the advantages of radiation 
hardness, and freedom from potential problems arising from fluorescence of heavier 
elements in the capillary,, in formulations such as lead glass. Measured transmission 
ofx-rays from linear capillaries with inlet diameters of w150pm and outlet diameters 
of 1.3 - 1.4pm is on the order of 2% for an x-ray energy of lOKeV, with corresponding 
intensity gains of up to ~2’70 (see Table). 

The figure shows overlaid XAFS data from Pb uptaken in corn roots and in 
ragweed. Well defined features in the spectra indicate that the Pb structural form 
is also well defined. The similarities between the spectra indicate that the Pb is 
uptaken.in a very similar form in both the ragweed and the corn roots. 

Calculated and measured transmission efficiencies are in fairly good agreement, 
leading to the expectation that efficiencies predicted by calculations to be attain- 
able from optimal profiles ’ are a realistic goal. We have also made progress in 
fabricating capillaries with profiles predicted by calculations to provide greatly im- 
proved transmission over the linear capillaries. We are in the process of testing 
these capillaries, and constructing improved apparatus for supporting and aligning 
the capillaries in the x-ray beam. 

rll K.F. Voss. K.H. Kim. E.A. Stern. F.C. Brown. and SM. Heald. Nucl. Inst. 

k(A-‘) 

M&h. A347, 396 (1994). ’ 

I 
21 D.L. Brewe, S.M. Heald, B. Barg, F.C. Brown, K.H. Kim, and E.A. Stern, 

SP E Proc., Vol. 2516 (1995). 

capillary length inlet/outlet intensity measured calculated 
diameters gain efficiency efficiency 

#17 875mm 106/12.4pm 32 44% 99.5% 
#19 548mm 150/1.3pm 274 2.1% 4.25% 
#12 360mm 145/1.4pm 239 2.2% 2.90% 

Figure 1. Comparison of raw XAFS data from Pb uptaken by Corn Roots (solid 
line) and Ragweed (broken line). 

Figure 1. Summary of measurements and calculations for three capillaries. The 
x-ray energyfor the measurements was 10KeV. 



- 1 Local Structural Studies of Ti-Zr Alloy Silicide Thin Films on Si 1 XIIA I 1 An XAFS study of structural Fe in thermally activated natural I v. ~ r\ 1 

Yuan Dao, Robert J. Nemanich, and Dale E. Sayers (North Carolina State Univer- 
sity) 

Previously, we have been shown that the C49 phase of TiSis can be stabilized at 
high temperatures by co-evaporation of a small amount of Zr with Ti. The resulting 
C49 Ti-Zr alloy silicide thin films exhibit improved thermal stability compared to 
C54 TiSi2 films. In order to understand this further, the local atomic structure 
around the Ti and Zr sites was studied using extended x-ray absorption fine struc- 
ture (EXAFS) analysis (See Fig. 1). The distances of the Ti-Si and Zr-Si shells in 
the C49 
the C49 !c 

Tir-,Zr,)Siz thin films are similar to those of the Ti-Si and Zr-Si shells in 
iSiz and ZrSis respectively, and do not change with composition. This is 

a Bragg-Pauling like behavior. The Ti-Ti distances in the C49 (Tir-,Zr, 
films vary linearly with the Zr content x. The Ti-Zr shell distance in the CA 

Siz thin 
49 alloy 

silicide thin films is longer than the Ti-Ti distances. The Ti-Ti shell in the C49 
alloy silicide thin film splits into two sub-shells. 

The Ti-Ti short distance increases more significantly with the Zr content than 
that of the Ti-Ti long distance. The Ti-Ti short distance shell in the C49 alloy 
silicide is more disordered than that of the Ti-Ti long distance. This may be due 
to the asymmetry of the Ti-Ti short distance shell, and therefore, the Ti-Ti short 
distance shell may have the ability to adjust its lattice positions to lower the strain 
energy introduced by the Zr atoms. The C54 TiSi2 has only one Ti-Ti shell, which 
is symmetric about the central Ti atom and may not have the ability to adjust the 
lattice positions to lower the strain energy. 
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Figure 1. Fourier transforms (solid lines) and the R-space fitting results (dotted 

P 
lines) of k3-weighted Ti K-edge EXAFS of the C49 (Tir-,Zr,)Siz thin film samples 

B 
(x= 0, 0.1, 0.2 and 0.3). 

kaolinites. * 
i3.lJ.X 

Monica Endregard (Univ. of Trondheim, Norway), and Alex F. Gualtieri (Univ. 
of Modena, Italy) 

Kaolinite is the main mineralogical component in clays. Besides, its importance 
resides in the large use of this mineral as a precursor for ceramic products. Its 
structure consists of a stacking of 1:l Si centered tetrahedral and Al centered octa- 
hedral layers along the c axis. The way the layers stack can be affected by extensive 
faulting (planar disorder) resulting in low-defective and highly-defective structures 
such as kaolinite international standards KGa-1 and KGa-2 which contain 14 and 
50 % of faulted sequences, respectively. The structural state of kaolinite influences 
the kinetic of the HT processes leading to the formation of metakaolinite and mul- 
lite.[l] Because abrupt transformations affect the octahedral Al environment of the 
faulted sequences during the phase transitions, a study of such changes may provide 
information about the process. Miissbauer [2 

\ 
and EPS [3] studies shoewed that Fe 

in natural kaolinites usually substitutes for A in the lattice. Thus, an XAFS study 
of Fe bearing kaolinites thermally treated at various temperatures can be highly in- 
formative concerning these structural changes. Fe K-edge (7112 eV) XAFS spectra 
of KGa-1 and KGa-2 at RT, 600, 800 and 1100 ‘C and selected model compounds 
were collected simultaneously in transmission and fluorescence mode at 298 and 80 
K. The energy calibration was checked by simultaneously measuring XAFS on a 
Fe foil using a reference detector. The higher harmonic reflections were rejected by 
detuning the Si(ll1) monochromator crystals to 70 %. The information contained in 
the XANES spectra coupled with the EXAFS analysis suggests that the Fe coordi- 
nation decreases upon thermal treatment from 6 to 4 accompanied by a shortening 
of first shell bond distances. 

Clays and Clay 

Figure 1. Fourier transform magnitude of the k3 weighted Fe K-edge EXAFS of 
disordered kaolinite samples (KGs2) at RT and heated at 6OO’C and 800°C. 

* This work was supportedby The Norwegian Research Council andDOE under contract 
numbers DE-AC02-76CH00016 and DE-FG05-89ER45384. 



XAS Studies of Highly Nonplanar Cobalt(II1) Porphyrin Complexes XllA 
* 

M. Endregard[l], G.M. Lamble[S], C.J. Medforth[3], C. Muzzi[3], D.G. Nichol- 
son[l], K. Shea[3], K.M. Smith[3] [l] D p t e ar ment of Chemistry(AVH), University 
of Trondheim, Norway [2] NSLS, BNL [3] D p t e ar ment of Chemistry, University of 
California, Davis 

Elucidating the coordination geometries of metalloporphyrins is a crucial aspect 
of understanding the biological activity of these systems. Where diffraction quality 
crystals are available the method of choice is single crystal x-ray crystallography, 
although for microcrystalline materials and solutions other methods such as XAS 
have proved to be valuable [l- 31. R ecently, the Davis group has synthesised a 
number of extremely nonplanar Co(II1) porphyrins with novel ligand orientation 
properties [4], a topic currently of interest because of the role different li 

P 
and ori- 

entations might play in modulating the redox potentials of cytochromes 51. Since 
the nonplanar cobalt(II1) complexes do not yield crystals suitable for x-ray struc- 
ture determinations we are seeking information about the ligand binding geometries 
from XAS studies. An important question in these systems is whether the unusual 
ligand orientation (ligand plane over N atoms) causes an elongation of the axial 
Co-N distance. The macrocycle can also adopt a severely distorted conformation 
in order to minimise the steric strain between the peripherical substituents. Infor- 
mation about the conformation of the macrocycle may be obtained by XAS since 
it is correlated to the metal to nitrogen bond distance. This study also includes 
investigations on the state of these complexes in solution, an aspect of particular 
importance for the biological role of these compounds. We have collected trans- 
mission XAS data on octaethyltetraphenylporphinato cobalt(III)chloride (OETPP- 
CoCl) complexed with pyridine and tetratertbutyl- porphinatocobalt(II1) chloride 
(TtBuPCoCl) complexed with pyridine and 1-methylimidazole, respectively. In 
1996, we hope to collect data on the remaining nonplanar cobalt(II1) porphyrin 
corn lexes in solution required for completion of our studies. 

[lr Furenlid, L. R., R enner, M. W., Smith, K. M. and Fajer, J., J. Am. Chem. 
Sot. 112 (1990) 1634, 8987. 

I21 M. Endreeard. D. G. Nicholson. R. J. Abraham. I. Marsden and B. Beagley, 
J. ‘Chem. Soc.,??ara’dr - 
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uzzi, C. M., Smith, K. M., Abraham, R. J., Hobbs, J. D. 

and Shelnutt, J. A., J. Chem. Sot., Chem. Commun., 1994,1843. 
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51 Safo, M.K., Walker, F.A., Raitsimring, A.M., Walters, W.P., Dolata, D.P., 

De runner, P,G., Scheidt, W.R., Osvath, S.R., J. Am. Chem. Sot., 1994, 116, 
7760. 

CVD Growth of III-V Quantum Wires and Dots in Microporous 
I I Hosts; Indium K-edge XAFS of the Local Coordination of the III-V XllA 

Semiconductor Clusters * 
Wendy Flavell, Heather Yates and Jonathan Agger (UMIST, UK), David Nicholson 
and Arild Moens (Univ. of Trondheim, Norway); Geraldine Lamble and Larry 
Fareria (BNL) 

This work is aimed at the growth of ordered quantum wire and dot structures 
inside the cage and channel structure of host microporous materials, by deposition 
of compound semiconductors. Here! we aim to use XAFS to study the local envi- 
ronment of InP clusters introduced mto materials including AlP04-5 and MCM-41 
by MOCVD. The work forms part of an EC ESPRIT III Basic Research Project. 

The reactants used in the MOCVD growth were trimethylindium and phosphine 
in hydrogen carrier gas, and these were introduced sequentially into the host mate- 
rial. Station XllA was used to study the In K-edge of the implanted semiconductor. 
These measurements were complemented by studies of the P K-edge using station 
3.4 at SRS. CLRC Daresburv Laboratorv. UK. and bv “P MASNMR, EDAX, 
XRD, HRTEM and PL. ” 

“, , 

Analysis of the In K-edge data from AlPOa-5 samples loaded with differing 
amounts of InP showed that lone range order is maintained within the implant. 

The position of the first P shill in”all samples was unchanged from its-distance 
of 2.54 Ain a bulk InP standard. The first In shell was located at 4.17 A, very 
close to its distance in InP. Additional oxygen atoms at around 3.45 Awere located, 
originating from the bonding of the implant to the zeolite framework. These obser- 
vations confirm suggestions from MASNMR, PL and from P K-edge EXAFS that 
the local structure of the implant is not significantly distorted from that in bulk 
InP. This result is in contrast to measurements taken from a sample in which only 
the first of the MOCVD reagents, trimethylindium, was introduced into the host. 
Here, strong bonding of In to the zeolite framework was observed, with 3 0 atoms 
coordinated at 2.14 A. No long range order which could be attributed to bulk In was 
observed. This confirms earlier work by ‘H NMR and CARS, which suggested that 
the first introduced MOCVD precursor reacts at the acid sites within the zeolite PI* !A 1 M.W. Anderson, G.K. Logothetis, M.E. Pemble, A.G. Taylor, N.C. Wallace 
an .M. Yates, J. Adv. Mater. Opt. Elect. 2, 313(1993). 

* This work was supported by the Norwegian Research Council and the DOE under 
contract numbers DE-AC02-76CH00016 and DEFG05-89ER45384. * This work was supported by the EC. 
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Solution of the structure of disordered mixed salts 1 XllA 1 

AFrenkel and E.A.Stern (Univ. of Wash., Seattle), A.Voronel (Tel-Aviv Univ., 
Israel), S.Heald (PNL) 

We have solved, for the first time, the structure of a disordered system of mixed 
salts including its buckling about the average structure, using X-ray absorption 
fine structure (XAFS) method and molecular dynamics (MD) simulations. Recent 
XAFS measurements on mixed disordered crystals of the average NaCl structure 
have revealed essential differences from the periodic structure [l]. We have extended 
the measurements to span the full range of concentrations in the RbBr(x)Cl(l-x) 
system. We find that the concentration - weighted average of interatomic distances 
determined with XAFS is greater than the inter 

P 
lanar 

the gap between the two being as large as 0.04 
spacing, given by diffraction, 

1 
a difference is consistent with bond buckling [l . 5 

in the middle of the x-range. Such 
We determined the buckling angles 

by XAFS analysis and rms values of the buckling angles were found to maximize 
at lo-12 deg. for the 50 % concentration of Br at 10 K. We demonstrate also that 
the buckling has to be accompanied by lattice strains and obtain the strain energy 
from the MD simulations. Simulations have shown that the strains are necessary to 
maintain the average NaCl structure of these systems. We estimate that the strain 
energy, measured at low temperature, would be partially (55 %) released at the 
elevated temperatures, due to the thermal expansion. The residual strain energy 
was used to estimate the melting point depression of these mixtures and excellent 
agreement with experiment is found. 

1. A. Frenkel, E. A. Stern, A. Voronel, M. Qian, M. Newville, Phys. Rev. Lett., 
71, 3485 (1993); Phys. Rev. B 48, 12449 (1993). 

Nature of the Sr induced structural phase transition in XllA 
La2-= Sr, Cu0.j 

D.Haskel and E.A.Stern (University of Washington) 

The local structure about La atoms in oriented Laz-,Sr,CuOa crystals is inves- 
tigated by means of polarized X-ray Absorption Fine Structure (XAFS) measure- 
ments. Diffraction results [l] indicate that the Sr induced structural transforma- 
tion at low temperature from orthorhombic (LTO) to tetragonal (HTT) involves 
decreases, on the avemge of the tilt angle of the CuOs octahedra to zero Fig. 1 
Magnetic measurements (11 show that bulk superconductivity persists in t h !i e HT 
phase, with no apparent effect of the structural phase boundary on the transport 
properties. 

Polarized XAFS results [2] show that the Sr induced phase transition exhibits 
displacive character, at least up to x M 0.15, which is manifested through a decrease 
in the tilt angle of the CuOs octahedra, in agreement with the diffraction results. At 
higher Sr content, however, the local tilts stop changing but start disordering over 
long range giving raise to the average HTT structure (Fig. 2). The absence of an 
effect of the Sr induced phase boundary at low-T on the superconducting properties 
is probably related to the lack of a significant change in the local structure over 
scales comparable to the superconducting coherence length in this material. This 
suggests that the correlation length of LTO tilts in the superconducting HTT phase 
is somewhat greater than 3OA, a result that can be confirmed by other techniques 
sensitive to intermediate range order such as the Pair Distribution Function (PDF) 
of neutron diffraction or atomic resolution imaging in the TEM. 

We acknowledge the valuable help of F. Perez, M. Suenaga and S. Heald in 
orienting the samples. This research has been supported by D.O.E. grant #DE- 
FG06-90ER45425. 

P. G. Radaelli et. al., Phys. Rev. B 49, 4163 (1994) 
D. Haskel et. al., Phys. Rev. Lett. 76, p.439 (1996). 

Figure 1. Schematic representation of 
the LTO structure. In the HTT phase, 
diffraction results indicate that the tilt 
angle of the CuOe octahedra is, on the 
average, zero. 

Figure 2. La-O(2) distances as a func- 
tion of z as obtamed from the polarized 
XAFS analysis at T=20K. The neutron 
diffraction results are also shown. 
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XAFS Studies of MnSe/ZnTe Superlattices 

A. J. Kropf, B. A. Bunker, J. K. Furdyna, Q. Lu (Notre Dame), and K. M. Kemner 

(NRL) 

Polarization dependent XAFS, employing the total electron yield (TEY and 
energy discriminating fluorescence detection techniques, has been used to stu d y the 
structure of MnSe/ZnTe (001) superlattices grown by MBE. These superlattices 
consist of 100-300 periods of A/B layers with A and B ranging between 4 and 
25 monolayers. Neutron scattermg data on these materials show an unique anti- 
ferromagnetic helimagnetic phase at low temperature which is tunable by varying 
the thickness, temperature and strain of the MnSe layer (T. M. Giebultowicz, et. 
al., Phys. Rev. B (Rapid Comm.) 46, 120’76, 1992). 

Of particular interest is the interface between the magnetic MnSe layers and 
the ZnTe layers, which act as a non-magnetic buffer, magnetically isolating the 
individual MnSe layers, and the effect of the interface on the strain in the MnSe 
layers. Polarization dependent XAFS taken at different edge energies coupled with 
x-ray diffraction results can distinguish between different models of the structure 
at the interface. 

In the data shown below, one can clearly see the effect of the lattice mismatch 
between MnSe and ZnTe as the MnSe bonds bend, while stretching only minimally, 
to accommodate the ZnTe lattice spacing. This reduces the first shell amplitude of 
the the XAFS for x-ray polarization vector perpendicular to the plane of superlattice 
growth relative to the amplitude of the XAFS for the polarization vector in the plane 
of the superlattice layers. 

0.030 

- parallel poladration 
--- perpendicular poladzalion 

Radial Distribution (Angstroms) 

Figure 1. Mn Edge Fluorescence Data (Sample 900622A) 

EXAFS Studies on Cu(I1) Ions Exchanged in H-SAPO-5 and XllA 
CoSAPO-5 and -34 Molecular Sieves Sieves 
Geraldine M. Lamble[l], Arild Moen[2] and David G. Nicholson [l]NSLS, BNL 

[alDepartment of Chemistry(AVH), U niv.of Trondheim, N-7055, Norway Trond- 
heim,Norway 

Microporous, . microcrystalline aluminium 
(MeALPOs 

1’ 

phosphates 
stituted alummmm phosphates 

(ALPOs), metal- sub- 
and silicon-substituted analogues 

(SAPOs) are interesting candidates for cata ytic studies and there is a continu- 
ing growth in the size of the family of compounds since they were first synthesised 
in 1962[1]. 

Because of their structural relationships to the zeolites the materials are often 
termed zeotypes. The zeotypes are monophasic crystalline solids in which the active 
sites are distributed in a spatially uniform manner throughout the bulk.Thus, some 
of them can be used as uniform heterogeneous catalysts. In this connection, the most 
significant feature of zeotypes is their microporous nature which means that nearly 
all of the accessible surface area is actually inside the crystallites. For example,over 
99.5area of a lmm diameter crystallite is internal. Consequently, most of the Al, P 
and/or metal atoms are effectively surface atoms, although they are located deep 
inside the material and this means that bulk physical techniques such as EXAFS can 
actually be regarded as surface techniques in these special cases.We have 

P 
reviously 

published some results of EXAFS studies using the facilities of XllA 2 - 41. In 
CoSAPO-34 the cobalt atoms enters the framework by substituting Al(II1) in the 
form of Co(I1). The material is interesting because it undergoes colour changes on 
calcination (blue to green at 500 C with a change to greyish-blue on cooling in 
moist air). The object of the present study is use XAS to study the environments 
of the Cu- and Co- atoms in the as-synthesised and calcined materials. EXAFS and 
other techniques show that attempts to incorporate Cu into the framework of the 
molecular sieve during the hydrothermal synthesis lead to reduction to Cu(1) with 
subsequent disproportionation to Cu-metal [5]. D a a were collected for a series of t 
formulations a liquid N2 temperature. The results of this first part of the XAS study 
are currently being analysed. We have recently measured the catalytic activity with 
resoect to NO reduction r61 and the next stage in the studv is to record XAS of 
selected samples in an in %u cell. 
C,PLS.T. Wd * son, B.M. Lok, C.A. Messina, T.R. Cannan, E.M. Flanigen, J. Am. 

Soc.1982, 104, 1146 
[2] A. Lund, D.G. Nicholson, G. Lamble and B.Beagley J. Materials Chem., 1994, 

4. 
’ 1723. 

[3] M.Endregard, D.G. Nicholson, M. Stcker and G. Lamble J . Materials Chem.. 
1995, 5, 

485. 
[4] M.Endregard, D.G. Nicholson, M. Stcker and G. Lamble J. Materials Chem.. 

1995, 5, 
765. 
[5] A. Moen and D. G. Nicholson, J. Chem. Sot. Faraday Transactions, 1995, 

(in press) 
[6] A. Moen, Ph.D Thesis, Trondheim, 1995. 



1 XAFS study of Zn2+ incorporation into calcite (CaCOa) 1 XllA 1 

Geraldine M. Lamble (BNL) and Richard J. Reeder (SUNY, Stony Brook) 

The mobility and abundance of Znzt and other heavy metal species in natu- 
ral waters are largely controlled by uptake onto mineral surfaces via adsorption 
or coprecipitation. Coprecipitation of dissolved heavy metal species with calcite, 
CaCOs, is known to be very effective in limiting dissolved concentrations and re- 
stricting mobility. However, recent coprecipitation studies have documented that 
dissolved metal ions show distinct preferences for different surface sites during layer 
growth. Znzt shows a surface site preference that differs from the behavior expected 
on the basis of ion size. Although differential incorporation occurs at distinct sur- 
fahisites, it has been thought that Zn 2t occupies only the single Ca site in the 

As a first step toward understanding the Zn2+ incorporation mechanism, we have 
obtained XAFS spectra of the Zn K-edge (9659 eV) for synthetic Zn-bearing calcite 
samples. The fitting results for the Zn-bearing calcite indicate a Zn first shell with 
6.7 (+ - 1.0) 
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ox yg 

favora 
en atoms at a distance of 2.11 (+ 

ly with expected values for Zn in octahedr a! 
- 0.02) A. These values compare 

suggests that Zn2+ 
coordmation with oxygen, This 

occupies only the Ca site in the bulk structure. Therefore, the 
different surface sites represent multiple surface expressions of a single bulk site. 
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Figure 1. Fourier transforms of raw XAFS data from the K-edge of Zn in Calcite 

L 
full line) with that of Zn in ZnCOs (broken line). The coincidence of the first 
ourier transform peak provides a direct indication that Zn is in an octahedral 

F 
coordination with 0, as in ZnCOs and thus occupies the Ca site in calcite, as is 

8 
confirmed by the XAFS analysis. 

XAFS Investigation of Thermal Structural Disorder at GaSb/AlSb X11& 
Superlattice Interfaces X23A2 

Q. Lu, B. A. Bunker, A. J. Kropf, S. W. Short, S. H. Xin, J. K. Furdyna (Notre 
Dame) 

Although surface melting is now well established, the comparable effect at internal 
interfaces has not been studied to anywhere near the same extent. As part of a larger 
program to study interfacial properties, we have studied GaSb/AlSb superlattices 
using X-ray Absorption Fine Structure (XAFS) with total electron yield (TEY) 
detection. These Ga K-edge measurements have focussed on thermal vibration 
amplitudes as a function of temperature, polarization, and GaSb layer thickness 
(either 2OAor 4OA). In XAFS measurements, the thermal vibration amplitude is 
reflected in the relative radial Debye-Wailer (DW) factor, which may be probed as 
a function of angle and therefore probe in-plane and out-of-plane atomic correlations 
separately. 

The measurements show that the DW factor of Ga at the GaSb/AlSb superlattice 
interface is much higher in the oernendicular direction than in the oarallel direc- 
tion. This anisotropy increases wit?h temperature and decreases with GaSb layer 
thickness, and for a pure GaSb film the anisotropy is negligible. The experimental 
results also shown that the DW factors in the parallel direction are similar between 
GaSb(40A)/AlSb(40A) and GaSb(20A)/AlSb(40A), but in the perpendicular direc- 
tion the DW factor of the GaSb(2OA)/AlSb(40A) is much higher than that of the 
GaSb 

I, that t 
40A)/AlSb(40A). Although this is not direct evidence, this strongly suggests 
e interface initiates the melting process. 



1 X-ray Study of Atomic Correlations in ZnCdSeTe Epitaxial Thin 1 XllA. 1 
Films - 1 X23Ai 1 

Q. Lu, B. A. Bunker, H. Luo, A. J. Kropf, K. M. Kemner, J. K. Furdyna 

XANES as a Local Structural Probe * ] XllA ] 

X-ray Absorption Fine-structure Spectroscopy (XAFS) have been performed at 
approximately 90K to study the local structure of thin films of the II-VI quaternary 
alloy Zno.sCdo.sSeo.sTe0.s. Samples were grown by molecular beam epitaxy (MBE) 
on (100) GaAs substrates, 4’ miscut towards the (111)B direction with a ZnTe 
buffer layer. The XAFS data indicate that there are more Zn-Se and Cd-Te bonds in 
the alloy than expected for a random arrangement. The results imply the formation 
of high-strain local structure and indicate that electronic pairing energies dominate 
over strain energy. These results are similar to the earlier observation of interlayer 
switching in ZnTe/CdSe superlattices. Although no long-range ordering is observed 
in our room-temperature diffraction measurements, the preference of Zn-Se and Cd- 
Te bonding also implies a tendency to spontaneously form a composition-modulated 
microstructure. 

B. Ravel and E.A. Stern (U of Wash.) 

We measured the x-ray absorption near-edge structure XANES) at the titanium 
!c K edge on three Ti containing perovskites, EuTiOs, Pb iOa, and BaTiOs. The 

PbTiOs and BaTiOs data were collected in fluorescence at room temperature from 
single domain, single crystal samples. At room temperature PbTiOs and BaTiOs 
both possess tetragonal crystal structures. EuTiOs is cubic at all temperatures and 
the data was collected in transmission on a polycrystalline sample. The XANES 
spectrum is sensitive to the symmetry of surrounding atoms about the transition 
metal site in transition metal oxides. When the centrosymmetry about the tran- 
sition metal site site is broken, p character from the surrounding oxygen atoms is 
mixed with the empty d orbitals, allowing a dipole transition with a strength related 
to the square of the magnitude of the displacement of the Ti atom. In transition 
metal oxides, this transition appears in the XANES spectrum as a peak in the 
pre-edge region, shown in Fig. 1 around 4966 eV. 

By collecting data on single crystals, we used the polarization of the synchrotron 
beam to measure the directional dependence of the displacement of the Ti atom in 
PbTiOs and BaTiOs. In EuTiOs we see no pre-edge peak, consistent with its cubic 
structure. In PbTiOs, we see a strong peak when the electric vector of the x-rays 
is at a 19“ angle to the c-axis (PbTiOS-c in Fig. 1 
perpendicular to the c-axis. The local distortion o ;E 

and a weak peak when entirely 
the Ti atom in PbTiOs is along 

the long axis of the tetragonal crystal. This is consistent with the measured peaks. 
In BaTiOs, we see that the pre-edge peak is of similar size when the electric 

vector forms a 45“ angle to the c-axis as when it is perpendicular. Although the 
crystal is of a tetragonal structure, the local displacement cannot be along the axis 
of macroscopic polarization. Our results are consistent with chain structure model 
of Comes et al. [l] In this model, the Ti atom is displaced along one of the (ill), 
(iii), (ill), and (ill) d irections. The vector average of these displacements leads 
to a tetragonal long range structure. The scalar average is equal in both crystal 
polarizations, thus the peaks are of similar size. 

We have shown that XANES is a direct probe of local distortions in transition 
metal compounds which yields significant information without the need for extensive 
analysis. With further analysis, the magnitude of the displacement can be measured 
and these experiments can be performed as a function of temperature. Thus XANES 
is a owerful tool for the study of structural phase transitions. 

ppso1. St. c omm., 6, 715, (1968) 

Figure 1. The near-edge peaks of our titanate perovskites. 

* This work supported in part by DOE Grant No. DE-FG06-90ER4525 
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Mechanism of SeO.+‘- substitution in calcite: an EXAFS study 1 XllA 

R. J. Reeder (SUNY), G. M. Lamble (BNL), J-F. Lee (SRRC), and W. J. Staudt 

(sum 

Analysis of Se-K-edge XAFS spectra of calcite grown from Se0a2- -bearing aque- 
ous solutions at 25“C reveals the local environment of Se incorporated in calcite. 
The position of the Se K-edge is consistent with oxidation state 6+, and the first 
shell contains four 0 atoms at a distance of 1.63 A, confirming that Se is present 
as the tetrahedral Se0h2- complex ion. The second shell is split and is best fitted 
by approximately 2 Ca atoms at 3.17 A and approximately 4 Ca atoms at 3.49 A. 
The coordination indicated by the split second shell is consistent with substitution 
of the Se0h2- ion in the COs site of the calcite, which has six nearest-neighbor Ca 
atoms. The large size of the Se0h2- ion and tetrahedral geometry cause significant 
distortion of the site that is consistent with the observed Se-Ca distances. Two 
possible models for the local coordination of the Se0a2- ion are suggested that 
involve corner sharing of the Se04 tetrahedron with neighboring Ca octahedra. 

The results suggest that other complex anions - particularly the geochemically 
important SOh2- ion, which is also tetrahedral but slightly smaller than Se0h2- - 
may also substitute in the COs site of carbonates. 

Axial Non-axial , 

Figure 1. Two possible coordination schemes for Se04 substitution in the CO3 site 
of calcite. (a) Axial position of the Se04 tetrahedron requires a 3+3 split Ca shell 
and (b 
Ca she h 

non-axial position requires a 2+4 split Ca shell. We favor the 2+4 split 

F 
of the non-axial position on the basis of its smaller disruption to the anion 

packing and its more obvious coordination. The analysis also favors (a) but cannot 
s rule out (b). 
CL 

Investigation of Ni Sorption on Pyrophyllite: An X-ray Absorption 
Fine Structure (XAFS) Spectroscopy Study 

XllA 

A. M. Scheidegger, D. L. Sparks (Univ. of Delaware), and G. M. Lamble (NSLS, 
BNL) 

Sorption reactions at the solid-water interface decrease solute mobility and often 
control the fate, bioavailability and transport of metal ions in soils and ground- 
waters. A thorough understanding of the structural environment of metals at the 
solid-water interface is therefore of fundamental importance. In this study, XAFS 
spectroscopy was used to discern the local atomic structure of Ni II) sorbed onto 

6 pyrophyllite. Pyrophyllite, shows little deviation from the ideal c emical formula 
(A12Si4010(OH)2 of 2:l clays. Its dioctahedral structure consists of essentially 
neutral tetrahedr ai -octahedral-tetrahedral layers. Hence, the complexity associated 
with the permanent charge of planar clay surfaces can be avoided and sorption of 
ions on pyrophyllite can be ascribed to only edge surface sites. Figure 1 illustrates 
radial structure functions (RSFs) of Ni treated pyrophyllite samples at pH = 7.5 
and at surface sorption densities G, of b.) 3.1, c,) 2.0, d.) 1.0, e.) 0.49, and f.) 0.27 
mol m-2 compared to the spectrum of a crystalline Ni(OH)2(s) model compound a. . 
The spectra are uncorrected for phase shift. Note the appearance of a peak at a k 
of about 2.7 with increasing sorption density. This peak, also present in Ni(OH)2, 
represents the second Ni shell and reflects backscattering among multinuclear Ni 
complexes. Data analysis revealed that the first coordination shell consists of 6 
0 atoms at 2.02-2.04 .l For the second shell, XAFS data suggest a single Ni-Al/Si 
distance (2.96-3.03 ), indicative of edge sharing of Ni and Al octahedra and possibly 
the presence of mixed Ni-Al hydroxides. As Ni surface loading on pyrophyllite in- 
creased, the number of Ni second-neighbor atoms at a distance of 2.99-3.00 increased 
from N 1 to N 5. The presence of multinuclear surface complexes was depicted at 
low surface loading and at reaction conditions undersaturated with respect to the 
formation of Ni(OH)2(s). Th is observation suggests that the total coverage of sur- 
face sites is not necessary for the formation of multinuclear surface complexes and 
implies that the pyrophyllite surface promotes hydrolysis and multinuclear complex 
formation. 

1. 
h 

A.M. Scheidegger, G.M. Lamble, and D.L. Sparks. 1995. Environ. Sci. 
Tee nol., in press. 

Figure 1. Radial structure functions (RSFS) of Ni treated pyrophyllite samples at 
various sorption densities compared to the spectrum of a crystalline Ni(OH)2(s) 
model compound 

. 
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K Formation of the Ferritin Iron Mineral Occurs in Plastidsl 1 XllA 

G.S.Waldo, E.Wright, Z.H.Whang, J.F.Briat, E.C.Theil, and D.E.Sayers (NCSU) 

Ferritin in plants is a nuclear-encoded, multi-subunit protein found in plastids; 
an N-terminal transit peptide targets the protein to the plastid! but the site for 
formation of the ferritin iron mineral is unknown. In biology, ferrltin is required to 
concentrate iron to levels needed by cells ( 10w7M), for above the solubility of the 
free ion (10 -la M).; the protein directs the reversible phase transition of the hydrated 
metal ion in solution to hydrated Fe-oxo mineral. Low phosphate characterizes the 
solid phase iron mineral in the center of ferritin of the cytosolic animal ferritin, but 
high phosphate in the hallmark of iron mineral in prokaryotic ferritin and plant (pea 
seed) ferritin. Earlier studies using x-ray absorption spectroscopy (EXAFS) showed 
that high concentrations of phosphate present during ferritin mineralization in vitro 
altered the local structure of Fe in the ferritin mineral, mimicking the prokaryotic 
type, whether the protein was from animals or bacteria. Using EXAFS to analyze 
the iron environment in pea seed ferritin now shows that the natural ferritin mineral 
in plants has an Fe-P interaction at 3.26A similar to bacterial ferritin; phosphate also 
prevented formation of the longer Fe-Fe interactions at 3.5Afound in animal ferritins 
or in pea seed ferritin reconstituted without phosphate. Such results indicate that 
ferritin mineralization occurs in the plastid, where the phosphate content is higher; a 
corollary is the existence of a plastid iron up take system to allow the concentration 
of iron in the ferritin mineral. 

Large Strain Deformation Study of an Elastomeric Single-Crystal X12B 
Triblock Copolymer using Synchrotron SAXS 

C. C. Honeker, B. L. Carvalho, E. L. Thomas (MIT) and M. Cape1 (BNL) 

A near single-crystal triblock copolymer with a cylindrical morphology is de- 
formed to large strains with simultaneous measurement of load, sample extension 
and 2-D small-angle diffraction. The sample is oriented such that the incident beam 
was directed either parallel or perpendicular to the cylinder axis while stretching in 
the transverse direction. The p6mm symmetry of the parallel view is immediately 
reduced to p2mm, which is retained for the remainder of the deformation. 

More significantly, the perpendicular view shows that the meridional Bragg scat- 
tering changes into a cross as each reflection splits and moves off-axis towards lower 
q with increasing strain. This latter transformation occurs abruptly at extensions 
of approximately 110%. Figure 1 shows an X pattern at a deformation of 210%. 
The local morphology of a deformed sample was examined in direct space using 
TEM. Figure 2 shows the chevron texture that gives rise to the SAXS pattern of 
figure 1. 

As deformation proceeds the angle between arms of the X pattern increases, 
reaching an asymptotic value of 145 degrees at the highest deformations 
strain). These SAXS results suggest that upon chevron formation, 

800 percent 
t h e cylinders 

rotate at fixed spacing into an orientation which can best support the applied load. 
Present work focuses on synthesizing the SAXS and TEM results in order to 

construct a 3-D model of the deformed morphology. 

Figure 1. SAXS pattern of an ori- 
ented triblock copolymer with a cylindri- 
cal morphology deformed in a direction 
transverse to the cylinder axis 
The view direction is perpen 6 

vertical). 
icular to 

the cylinder axis. 

Figure 2. Bright field electron micro- 
graph of a sample deformed to 180 per- 
cent. The isoprene regions have been 
preferentially stained dark with osmium 
tetroxide to provide mass-thickness con- 
trast. 



Diffraction Spacing Measurements of Collagen in Turkey Leg Tendon 
and Rat Tail Tendon * 

X12B 

Sidney Lees (Forsyth Dental Center, Boston) and Malcolm Cape1 (BNL - Biology) 

The purpose of this experiment was to determine whether the equatorial difFrac- 
tion spacing of the collagen in mineralized turkey leg tendon MTLT) changes when 
the tissue is immersed in high concentration saline solution 1.5M). Unmineralized 
turkey leg tendon (UTLT) 

t 
and rat tail tendon (RTT) were used for comparison. 

A second comparison was provided by looking at the effect when the tissues were 
immersed in highly concentrated ethylene glycol solution (3.OM). The objective is 
to provide further confirmation that there is no mineral between collagen molecules 
in mineralized tissue, although there are mineral crystallites in the gap regions 
between linearly joined molecules. 

Specimens of the three kinds of tissue were soaked in appropriate solutions while 
agitated for several weeks at 4C 0.15 M saline, 1.5 M saline and 3.0 M ethylene gly- 
col). The specimen were mounte 6 in sample holders and sealed with 0.005 inch thick 
Kapton self- adhering film. Equatorial diffraction patterns were digitally recorded 
using the Brookhaven built crossed wire grid (A=O.969A). Corrections for scatter- 
ing and other effects were made by subtracting the pattern recorded using a blank 
specimen holder. 

No change in spacing was observed for RTT immersed in saline but ethylene 
glycol induced an increase in the spacing of 1.111. However, there was a significant 
decrease in the spacing for both MTLT and UTLT. Ethylene glycol induced no 
significant change in the spacing. 

UTLT in 0.15M saline: d = 14.55fO.llA; 
1.5M saline = 14.03f0.25AChange = 3.6% 
MTLT d = 13.69&0.12A; 
13.21f0.19AChange = 3.5% 
Since the decrease in spacing is almost the same there can be no mineral between 

the collagen molecules in MTLT as hypothesized. There is prior evidence that 
mineral crystallites exist within the gap between colinear collagen molecules. 

STRUCTURE OF SEMICRYSTALLINE POLYIMIDES USING X12B 
REAL-TIME SAXS 
Sharon X. Lu, Peggy Cebe - Tufts University; Malcolm Cape1 - BNL Biology 

Small-angle X-ray scattering was used to study structure, and the kinetic de- 
velopment of structure in a thermoplastic polyimide, NEW-TPI (Mitsui-Toatsu, 
Tokyo JAPAN). We performed SAXS measurements of NEW-TPI crystallized er- 
ther isothermally or non-isothermally from the rubbery amorphous state. The long 
period, lamellar thickness, and linear crystallinity were obtained from the one di- 
mensional electron density correlation function, which was analyzed according to 
the method of Strobl and Schneider. SAXS experiments were done at NSLS us- 
ing a wavelength of O.l54nm,and a sample-to-detector distance of 1.8m calibrated 
using cholesterol meristate and collagen fiber. The beam profile at the detector is 
treated according to pinhole geometry. The isotropic SAXS intensity pattern was 
circularly integrated to increase the signal to noise ratio. Intensity was corrected for 
changes in the incident beam intensity, sample absorption, background and thermal 
density fluctuations. The Lorentz corrected intensity was used for data analysis. 
The one dimensional electron density correlation function was analyzed according 
to the method of Strobl and Schnei- der for flat, parallel lamellae. Changes in the 
long period and lamellar thickness were observed during non-isothermal heating of 
NEW-TPI from room tern- perature to the melting point (350 deg. C). Changes 
were consistent with those seen during high temperature isothermal crystallization. 
At the beginning of the non-isothermal crystallization process, the crystals are very 
small and therefore the long period (distance between lamellar stacks) is very large. 
As temperature increases more and more lamellae are formed, causing a decrease in 
the average long period. At the same time, already formed crystals are also grow- 
ing in thickness, and newly formed lamellae are crystallizing at higher temperature. 
Both effects tend to increase the average lamellar thickness. The lamellar structure 
formed during non-isothermal crystal- lization is initially not well organized and can 
evolve to a more stable structure with either crystallization time., or temperature. 
In our case, as temperature increases, we observe a slight increase m the long period 
caused by removal of the thinnest lamellae. 

4d 
k * National Institute on Aging Grant AGO2325 
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H Low-angle x-xay diffraction studies of type II collagen in bovine ar- X12B 

titular cartilage. * 

M. Volpi’, D.W. Chester’, J.-H. Zhang’, M.S. Cape12, E.P. Katzi. ‘Univ. Ct. 
Health Center, Farmington, CT 06030-3705 and 2Brookhaven National Laboratory, 
Upton, NY 11973 

We report the normalized intensities of the first 47 orders (n=order number) of 
the mostly type II collagen from bovine particular cartilage BAC) and compare 
these intensities with those collected from rat tail tendon (RT 4 
type I collagen. 1 mm thick particular cartilage samples, from t h 

containing mostly 
e femur head., still 

anchored to the subchondral bone and depleted of proteoglycan were used m all 
experiments. BAC specimens were totally immersed in buffered saline containing 
protease inhibitors. In RTT experiments, a small bundle of fibers was kept under 
slight tension with one end immersed in buffered saline. The first lo-12 orders of 
fully wet BAC and RTT specimens were collected on beamline Xl2B. Data from 
BAC were scaled and integrated with higher order reflections (orders 4- 47) previ- 
ously collected on beamline X9A. Data from RTT were scaled and integrated with 
higher order reflections (orders 3-50) collected using an Elliott GX-18 generator 
with rotating anode and a mirror-monochromator optic. In BAC experiments, a 
2D gas and a 2D imaging plate detector were respectively used with specimen to 
detector (SD) distances of 254.6 cm and 63.3 cm. 2D gas and 2D Siemens detectors 
were instead respectively used with SD distances of 254.6 cm and 40.0 cm in the 
RTT experiments. A X of 1.59 A was employed in experiments with a SD distance of 
254.6 cm and a X of 1.54 A was employed in the remaining experiments. Intensities 
were evaluated by determining the main direction of the meridional axis with an 
angular integration followed by radial integration of the intensities along this axis. 
The azimuthal range of integration about the meridional axis was 30 for RTT and 
60 for BAC. This difference in integration range was chosen to account for a greater 
disorder in BAC when compared to RTT. Average disorientation angles of 6 and 
16.5 were determined for RTT and BAC respectively using the 5th and gth order 
reflections and calculated according to fiber diffraction theory (1 . 
tion, corrected for specimen disorientation and polarization (2), w h 

Strip integra- 
en compared to 

the previous integration method provided almost identical results. For comparison 
purposes, an arbitrary value of 1000 was assigned to the first order reflection and 
all other intensities were subsequently normalized to this value. The intensity func- 
tions show many similarities between RTT and BAC. In both systems a very strong 
first order reflection is followed by strong 3rd, 4th, 5th and gth reflections. The 
existence of relatively strong 20th and 21St higher order reflections is also evident. 
Less striking differences between the two intensity functions seem to occur in a less 
predictable manner. From these data we have concluded that the (r2 chain plays 
no special role in the molecular packing of type I collagen. 

1) Hermans P.H., Contribution to the physics of cellulose fibres. pp. 195-199, 
Elsevier N.Y. (1946). 2) Wang S.K., Worthington C.R., Biophys. J. 15, 322a (1975). 

Structure of DNA Ligase 1 X12B 

Dr. Dale Wigley, Laboratory of Molecular Biophysics, The Rex Richards Building, 
University of Oxford, South Parks Road, Oxford OX1 3QU, UK 

DNA ligase is the enzyme responsible for ligating Okasaki fragments during the 
replication of DNA. There are two classes of enzyme, those which use an ATP 
cofactor and those which utilise NAD+. Both classes of enzyme proceed via an 
adenylated enzyme intermediate. The ATP-dependent enzymes range in molecular 
weight from over 1OOkDa for the human type I enzyme, down to 4lkDa for the -- 
enzyme from bacteriophage ‘1’7. 

We have cloned, overexpressed and crystallized the T7 ligase. The crystals are of 
the orthorhombic spacegroup P21212, with one ligase monomer in the asymmetric 
unit. The crystals diffract to around 2.5A resolution and data have been collected 
to 2.7A on a single frozen crystal on beamline X12B at NSLS. These data have been 
used for the refinement of the model of the apo-enzyme. 

The final structure reveals that the enzyme consists of two domains with a large 
cleft between them. The active site is in the larger of the two domains. The 
enzyme appears to operate via a “base-flipping” mechanism which is similar to that 
proposed for other enzymes, but initially for the HhaI methyltransferase. 

* Supported by NIB grant AR 37604 

. 



Crystallographic Analysis of an Fab Fragment of Anti-Idiotypic An- 
tibody MK2-23 that Mimicks Melanoma Associated Antigen * 

X12C 

Nenad Ban, John Day, Alexander McPherson (UCR), Xinhui Wang and Soldano 
Ferrone (NYMC) 

Monoclonal antibody MK2-23 bears an internal image of the antigenic determi- 
nant defined by anti-high molecular weight-melanoma associated antigen (HMW- 
MAA) mAb ‘763-74, and has been shown to induce anti- HMW-MAA immunity 
in patients with malignant melanoma. It currently sees use as a therapeutic for 
patients having advanced cases of certain melanoma. 

Crystals of the Fab fragment of mAb MK2-23 have been grown from PEG 3350. 
These crystals belong to the orthorhombic space group P212121 with unit cell di- 
mensions ad5.3, b=78.2, c=83.0 angstroms. Crystallographic data was collected 
from one existing crystal at Brookhaven National Laboratory synchrotron. The 
data to 2.4 angstroms resolution was 5% complete. Crystal structure was deter- 
mined by molecular replacement using the real space Patterson search method of 
Huber, as implemented in X-PLO& with several Fab models as probes. Search re- 
sults were filtered using Patterson correlation coeficient refinement. The structure 
of the molecule is currently being refined. 

We hope that this study will provide additional insights into the mechanism of 
molecular mimicry by anti-anti-idiotypic antibodies, and that it will reveal infor- 
mation about the three dimensional structure of the HMW-MAA epitope that is 
recognized by the idiotypic antibody in this cascade. 

Report on data collected from TMV protein crystals at NSLS beam- 
line X12C, April l-10, 1995. 

X12c 

Balaji Bhyravbhatla and Donald L. D. Caspar (FSU) 

Data collection: 
Data was collected on crystals of the four layer disk aggregate of tobacco mosaic 

virus coat protein at pH 8.00. The unit cell parameters of the crystal in space group 
P21212 are 220.84 A in a, 171.70 A in b and 226.17 A in c. 

Room temperature data was collected using the CCD detector of Walter Phillips 
(Brandeis University). Low temperature (liquid Nitrogen) data was also collected 
using the MAR imaging plate available at the beam line. Data was collected in 
two passes wherever possible. One was a low resolution sweep (l/40 A to l/3.5 A 
spacing) and the second a high resolution (l/10 A to l/2 A spacing) sweep using 
both detector systems. 

Some long stills and small oscillations were also collected using the MAR imaging 
elate. The stills were from 3OOsec to 600sec exposures. The interest is to locate and 
map any diffuse scattering from the crystals. ^ 

Data reduction: 
The data collected using the CCD detector has not been processed yet due to 

some technical difficulties, involving the conversion of the data frames to a DENZO 
readable format. 

The MAR data was collected mostly at LN2 temperatures. Although all the 
crystals exhibited twinning, we have so far been able to reduce one partial data set. 
The Rsyms for the data are 5 % to 2.2 A spacing. 

The completeness is only about 20 %. The second partial data set is still being 
worked on. The twinning of the crystal has prevented us from integrating the data 
accurately. The Rsyms for the second dataset are around 15 %. Due to this poor 
statistics we have been unable to merge the two data sets satisfactorily. There are 
two other partial data sets which will be processed. 

A comparison of the 2.2 A resolution MAR data currently processed to the 2.4 
A resolution cryo data set presently being used to refine the crystal structure gives 
a scaling of about 11 %. A complete estimate of the quality can be had after we 
process all the remaining data sets. 

One room temperature low resolution data set was collectd using the MAR. 
That data also is from a twinned crystal therefore we are experiencing difficulties in 
processing. It appears that the two lattices can be separated to obtain two partial 
data sets. Methods for processing overlapped reflections are being explored. 

* This investigation was supported by PHS grants CA37959 and CA5114 awarded by 
the National Cancer Institute, DHHS and by grants from the NIH (no. GM40706-03), from 
the NSF and from NASA (NAG-804). 

I 



ii The Structure of Turnip Yellow Mosaic Virus (TYMV) x12c 

Mary A. Canady, Steven B. Larson, and Alexander McPherson, Department of 
Biochemistry, University of California, Riverside, CA 92521 

Turnip yellow mosaic virus (TYMV) is a T=3 icosahedral virus that was dis- 
covered in the 1940’s. We obtained crystals of TYMV having space group P6422 
with unit cell dimensions a=b=515.5 A, c= 309.4 A. Native data were collected 
using a Mar imaging plate at a distance of 615 mm with 0.25 degree oscillations 
and exposure times ranging from 2 to 6 minutes. In order to increase the resolu- 
tion of the data collected, the theta arm was set to angles ranging from 5 to 10 
degrees, with the maximum resolution being 3.1 A. The native data were processed 
and scaled using DENZO and Scalepack, and had an overall completeness of 73% 
to 3.1 A with an overall Rmerge of 10.5%. Heavy atom data were also collected, 
with diffraction from KzPtC& derivatized crystals being collected at a wavelength 
of 1.07 A to maximize the anomalous signal. 

A self rotation function using the native data revealed the orientation of the 
viral particle in the unit cell. Using Cowpea Chlorotic Mottle Virus (CCMV) as an 
initial model, molecular averaging was used to improve the phases. An (F~H-F~) 
Fourier synthesis using the phases from the averaged map showed that there were 
icosahedrally related heavy atom sites. The positions of these sites were refined 
and used to compute native structure factors. After averaging and phase extension, 
the 3.58 A map of TYMV showed that the pentameric and hexameric assemblies 
of the coat protein are prominently protruding from the virion. Work is currently 
underway to build the amino acid sequence of the coat protein into the electron 
density. 

Figure 1. A 3.58 A electron density map of the TYMV coat protein at the five fold 
axis of the virion. 

Brief report on data collected from liquid crystalline tobacco mosaic x12c 
virus specimens at NSLS beamline X12C, June 27-30, 1995. I I 

Arunava Chatterjee, Donald L. D. Caspar (FSU), and Dieter Schneider (BNL) 

Diffraction data were collected from exceptionally well oriented liquid crystalline 
specimens of tobacco mosaic virus common and dahlemense strains that had been 
prepared at Children’s Cancer Research Foundation by K. C. Holmes and D. L. D. 
Caspar in 1959-1960. By tilting the specimens to record high-angle near meridional 
diffraction, data to 1.25 angstroms resolution was recorded from the best oriented 
samples. This data is currently being processed to refine atomic models directly 
against the diffraction data by convoluting model transforms with the experimen- 
tally measured specimen orientation distribution and the point-spread function of 
the recording system. 

Using the complete data recorded, including accurate measurement of the low 
resolution diffraction, difference maps will be calculated between data and refined 
atomic model to map the partially ordered solvent structure. The data from the 
dahlamense specimen provides information about the incommensurate periodic per- 
turbation of the helical coat protein structure. It appears from the data recorded 
from the dahlamense specimens that the perturbation of the protein structure near 
it;e;er surface of the virus particle, although regularly periodic, is not very highly 

Development of improved methods of data processing and structure refinement 
for the TMV fiber diffraction data will provide the most detailed information about 
structure and solvent interactions of any non-crystalline macromolecular assembly. 
zp; methods wrll be apphcable to the analysis of other helical brologrcal assem- 

e . 

- 



The P-state Structure of the Profilin$-Actin Complex at 2.65 x12c 
AResolution * 

J.K. Chik (Princeton Univ.), U. Lindberg (Univ. of Stockholm), R.M. Sweet 
(NSLS), and C.E. Schutt (Princeton Univ.) 

While in the crystalline state, p-actin complexed to profilin can undergo struc- 
tural transitions in response to changes in the crystal bathing solution. The struc- 
ture of the profihn:actin (P:A) complex in 3.2 M NH&S04 with 10 mM ATP (pH 
6.5 

4 
, the T-state, has been determined [I]. 
he structure of another crystalline state, the P-state, has now been determined 

for crystals bathed in 1.8 M KPOd with 1mM ATP (pH 7.5). P:A crystals are of 
P212121 symmetry with a=38.14 A, b=72.45 A, and c=185.7 A. Data was 87.3% 
complete to 2.65 Awith an R merge of 8.2%. The structure was solved by molecular 
replacement using the T-state model and has been refined to an R-factor of 20.4% 
with an Rf,,, o f 33.0%. Compared to the T-state, the P-state actin showed a 9.6 
degree opening of the cleft separating the large and small domains and the hydration 
of previously solvent-excluded ATP phosphates. No divalent cation could be placed 
with confidence in the P-state structure. Profilin was virtually identical in the two 
crystal states. 

[I] C.E. Schutt, J.C. My&k, M.D. Rozyclci, N.C.W. Goonesekere, and U. Lind- 
berg, Nature 356, 810(1993). 

Figure 1. Ccr trace of P- and T-state /3-actin using profilin (not shown) for align- 

F 
ment. 

s 
-a * This work supported by NIH grant GM44038 

Crystal and molecular structure of the human adenovirus maturation 
protease with its 11 amino-acid cofactor 

x12c 

J. Ding (SUNY-Stony Brook, Physics), W.J. McGrath, R.M. Sweet, and W.F. 
Mange1 (BNL-Biology) 

The three-dimensional structure of the human adenovirus-2 proteinase complexed 
with its 11 amino-acid cofactor, pVIc, was determined at 2.6A. resolution by x-ray 
crystallographic analysis. The fold of this protein has not been seen before. How- 
ever, it represents an example of either subtly divergent or powerfully convergent 
evolution, because the active site contains a Cys-His-Glu triplet and oxyanion hole 
in an arrangement similar to that in papain. Thus, the adenovirus proteinase rep- 
resents a new, fifth group of enzymes that contain catalytic triads. pVIc, which 
extends a P-sheet in the main chain, is distant from the active site, yet its binding 
increases 300-fold the catalytic rate constant for substrate hydrolysis. The structure 
reveals several potential targets for antiviral therapy. 

All diffraction data were measured on the MAR Research 300-mm diameter 
imaging-plate scanner, mounted on the 0 arm of a FAST (Enraf Nonius) diffrac- 
tometer at Beamline X12C of the NSLS. Native data from one crystal were measured 
to 2.6A resolution with an X-ray wavelength of 1.15A; derivative data from three 
crystals were measured at 1.07A (at the peak of the absorption “white line” of 
heavy atoms in the crystal) to a resolution of 3A. The crystals had symmetry P6i; 
the unit cell dimensions were a=b=114.2, c=50.1A. The asymmetric unit contained 
one molecule with a mass of 24,500Da. 

The structure was solved by SIRAS ( sin gl e-isomorphous replacement with anoma- 
lous scattering from a KzPtC14 derivative. Heavy atoms were located with program 
HASSP [4]. 2 S RAS phases were calculated with the PHASES package [2]. Strong 
phasing power led to a mean figure of merit for 6819 reflections of 0.77. Solvent 
flattening was performed [5] with PHASES. Amino-acid residues were fitted with 
program 0 [3 , 

I 
The molecular model was refined by conju ate-gradient minimiza- 

tion and simu ated annealing with the program X-PLOR [?J. The final residual for 

University. [2] Furey,W. 

I I I 

Figure 1. Stereo diagram of the folding of the adenovirus protease. The ancillary 
peptide is shown at the front of the beta sheet. 



X-ray crystal structure of the hydroxylase component of methane x12c 
monooxygenase from Methylosinus trichospoTium OB3b. 

Natesan Elango, R. Radhakrishnan, Wayne A. Froland, Cathleen A. Earhart, John 
D. Lipscomb and Douglas H. Ohlendorf (University of Minnesota) 

Methanotrophic bacteria utilize methane as their sole source of cellular car- 
bon and enerev. Methanotroohic oxidation of methane is catalvzed bv the en- 
zyme methanrmonooxygenase [MMO] which is expressed in either a soluble or 
membrane-bound form. The soluble form of MM0 consists of 3 protein compo- 
nents: a hydroxylase [MMOH] (245kDa), a NADH-coupled reductase (38.4kDa), 
and a regulatory protein called component B (15.8kDa). While all three protein 
components of MM0 are required for efficient oxidation of methane, the MMOH 
has been shown to contain the active site necessary for activation of molecular oxy- 
gen and substrate oxidationrll. MMOH is a dimeric protein each monomer of which 
has 3 polypeptide chains (~$7 of 526, 394 and 168-residues, respectively. Each a! 
subunit contains a u-hvdroxv rideed d&on cluster in its active site. A catalvtic 
mechanism based on re&uct&e actiqation of dioxygen and homolytic cleavage of-the 
C-H bond of methane (substrate radical intermediate) has been proposed. 

MMOH from MethyZosinus trichosporivm OB3b crystallizes in C2221 space group 
with a monomer (aflr) per asymmetric unit, The cell dimensions are a= 264.49& 
b= 71.16A and c=’ 139:448 [2]. X-ray diffraction data were collected from sev- 
eral sinele crvstals at Brookhaven National Laboratorv. beamline X12C at 18’C. 
The str\cture was determined by molecular replacement (MR 
of MMOH from Methylococcus cupsu2atus Bath[B] as the searc h 

using a monomer 
model. The final 

R factor of the model for OB3b MMOH is 16.2% for data to 2A resolution. The 
XPLOR program suite was used for both MR and model refinement. 

The heart-shaped dimer of MMOH, composed primarily of o helices, sits on a 
crystallographic a-fold axis. The diiron cluster is located between 4 long helices of 
the CY chain and is 13k under the nearest solvent-exposed surface of the molecule. 
The irons in each cluster are bridged by 2 hydroxides and both oxygens of a glutamic 
acid carboxylate. The iron atoms are also coordinated by the N6 of 2 histidines, 
061 of 3 glutsmates, and an exogenous water molecule making both irons hexa 
coordinate. The geometry of the diiron cluster and the ligand structure are more 
similar to that seen in flash frozen Bath MMOH [4] than in the search model [3]. 
This current study has also shown that the published sequence 151 of p chain has 
28 consecutive sequence errors near the C terminal region, in addition to another 
13 errors randomlv distributed over the 3 DOlVDeDtide chains. Most notable among 
these is that Asp209 in the 01 chain is actuallybiu209, a ligand to one of the iron; 

[1] Fox, B. G., Froland, W. A., Dege, J. & Lipscomb, J. D. (1989). J. Biol. Chem. 
264 10023-10233. 

[2\ Froland, W. A., Dyer, D. H., Radhakrishnan, R., Earhart, C. A., Lipscomb, 
J. D. & Ohlendorf, D. H. (1994). J. Afol. Biol., 236, 379-381. 
I31 Rosenzweiz. A. C.. Fredrick. C. A.. Litmard. S. J. & Nordlund. P. (1993). 

N&e, 366, 53’7i543. ’ ’ ’ -- ’ 
. . I 
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41 Rosenzweig, A. C., Nordlund, P., Takahara, P. M., Fredrick, C. A. & Lippard, 

s. . 11995). Chem. Biol.. 2. 409-418. 
[5] Cardy, D. L. N., Laidler, V., Salmond, G. P. C. & Murrell, J. C. (1991). Mol. 

Microbial., 5, 335-342. 

High resolution crystal structure of 5’ nuclease domain from Taq x12c 
polymerase I I 

Soo Hyun Eom, Jimin Wang, and Thomas A. Steitz (Yale) 

After years of prolonged Taq polymerase crystallization incubation, a small crys- 
tal form with its largest size of 0.05 mm appeared along with regular intact Taq 
oolvmerase crvstals. The new crvstal form belongs to bodv-centered tetraaonal 
iatiice with its dimensions of 121.6 X 121.6 X 75.7-A. An electrophoresis analysis 
of dissolved crvstals indicates that there is aa about 33 Kd fraament oresent in the 

I 

crystal, a size equivalent to 5’ nuclease domain of Taq polymerase. -One data set 
to 2.5 A resolution was collected on MacScience image system at 1 hour exposure 
per picture using a home radiation source from a single crystal. Due to low photon 
counts, an overall merging R-factor for multiple observations was 20.7%. Data were 
extended to 2.0 A from the same crystal with the merging R-factor of 6.4% using 
the NSLS X12C beamline. The exposure per image was 10 minutes, perhaps the 
longest ever taken at the beamline. The distribution of I/sigma verses resolution 
suggests that the crystal is likely to diffract to much higher resolution with longer 
exoosures. or stronaer beam intensities or larger crystals. We are currently in the 
process of solving the structure by the molecdar replacement method. This struc- 
ture determination can orovide atomic details of the 5’ nuclease structure which the 
intact Taq polymerase bnly partially provided. In combination with site-directed 
mutagenesis, we hope to understand the reaction mechanism of 5’ nuclease and 
its functional role in the excision of Okazaki RNA fragments in the lagging-strand 
DNA replication. 



Crystal structure Taq polymerase with a DNA duplex product bound 
to the polymerase active site. I I 

x12c 

Soo Hyun Eom, Jimin Wang, and Thomas A. Steitz (Yale) 

To elucidate the mechanism of DNA polymerase , we have crystallized taq DNA 
polymerase with a blunt ended DNA duplex at the polymerase active site. The 
cocrystal is in the same trigonal space group as the apo Taq polymerase. Although 
they diffracted to 3.5-3.8 A resolution on a home radiation source, diffraction data 
have been extended to 3.0 A at the NSLS X12C beamline. 

The complex structure reveals that the DNA duplex binds tangentially to the cleft 
that is formed by Fingers and Thumb domains, with a 3’ terminus to the conserved 
carboxylates. The first base-pair of the duplex stack against two highly conserved 
aromatic residues of (Y helix 0 with its DNA axis vertical to the LY helix. The 
orientation of the duplex DNA on the polymerase is similar to that observed earlier 
in an editing complex with Klenow fragment. There are extensive interactions 
between conserved residues in the polymerase and bound DNA duplex, particularly 
in the duplex minor groove. These latter interactions may play an important role 
in promoting the fidelity of this polymerase. 

Structure of Allosteric Threonine Deaminase from E. Coli 
Gilliland, G. & Eisenstein, E. (CARD) 

1 x12c 1 

The biosynthetic threonine deaminase from E. coli is an allosteric tetramer. Each 
chain comprises 514 residues and one PLP group. Several crystal forms have been 
analyzed be X-ray diffraction. The unliganded structure is expected to be solved 
in an orthorhombic crystal form. A synchrotron dataset in a trigonal crystal form 
was collected from a crystal grown in the presence of excess valine, and is expected 
to shed light on the allosteric regulation of this enzyme. (Valine is an allosteric 
ligand. 

1 
The crystals of this form grow from 4.4M sodium formate at neutral pH, 

and be ong to space group P3(1)21 with a=162.5 and c=128.7 and one tetramer in 
the asymmetric unit. The dataset is 85% complete at 2.9A resolution with Rsym 
= 0.11. 

. 



F 
E Structure Determination of Transaldolase from E.coli 1 x12c 1 

J.Jia, W.Huang, Y.Lindqvist, G.Schneider(Department of Medical Biochemistry 
and Biophysics, -Karolinska Institute, Sweden) 

Transaldolase (D-sedoheptulose-7-phosphate:D-glyceraldehyde-3-phosphate 
dihydroxyacetone- transferase, EC 2.2.1.2) is a ubiquitous enzyme which catalyzes a 
reversable transfer of a dihydroxyacetone moiety, derived from fructose-g-phosphate 
to erythrose-4-phosphate yielding sedoheptulose- 7-phosphate and glyceraldehyde- 
phosphate. The structure was solved with the MIR method using native data and 
five heavy compound derivative datasets. On beamline X12C using a 30 cm MAR 
research image plate system, the resolution of the native data set could be in- 
creased significantly, from 2.2A to 1.87 A. A partial data-set (83% complete from 
6.0-1.87A, Rsym 6.2% with no reflections rejected) has been collected. This data 
merges readily with the native data we collected with a rotating anode as X-ray 
source(R-merge=8.8%) This merged dataset is 91.3% complete, 82.8% of the total 
reflections were collected in the highest resolution shell 1.97-1.87A. This dataset 
is now used for the final crystallographic refinement of the model solved with the 
MIR method. The electron density maps calculated with this dataiset have im- 
proved considerably and consequently, the model of the transaldolase structure is 
more accurate. The current R-free and conventional R-factor for the protein model 
are 23.8% and 20.0% respectively. 

1 Structure studies of neurotrophin-3 I x12c 1 

Kelly, J.A. (UCLA), Singer, B. (Amgen), and Yeates, T.O. (UCLA) 

Neurotrophin-3 (NT-3) is a member of a family of neurotrophic factors whose 
function is to promote the survival and maintenance of certain neuronal populations. 
NT-3 has been crystallized in 2 forms. Orthorhombic crystals, space group P21212, 
diffracted to 2.5A resolution and have cell dimensions a I 37.97A b G 51.90A c 
3 65.99A. The second form is space group P4s212, with cell dimensions a E b I 
66.9OA, and c I 108.66A. The tetragonal crystals diffracted to 2.8A resolution. 
Phases for both forms were obtained by molecular replacement using nerve growth 
factor as the search model. 



I 

: ’ 

Crystal structure of Thermus aquaticus DNA polymerase ( x12c 

Youngsoo Kim (Yale, Now in Yeungnam University. Korea),Soo Hyun Eom (Yale), 
Jimin Wang (Yale),Soo Hyun Eom (Yale), Jimin Wang (Yale),Dae-Sil Lee (Korea 
Research Institute of Bioscience and Biotechnology),Biotechnology), Biotechnol- 
ogy),Se Won Suh (Seoul National U.) and Thomas A. Steitz (Yale). 

The DNA polymerase from Thermus aquatics (Taq polymerase), famous for its 
use in the polymerase chain reaction, is homologous to E. coli. DNA polymerase I 
( pol I). Like pol I, Taq polymerase has a domain at its amino terminus (residues 
l-290) that has 5’ nuclease activity and a domain at its carboxy terminus that 
catalyses the polymerase reaction. Unlike pol I, the intervening domain in Taq 
polymerase has lost the editing 3’-5’ exonuclease activity. Although the structure 
of the Klenow fragment has been known for ten years, that of the intact pol I has 
proved more elusive. The crystsl structure of Taq polymerase was determined at 
2.4 A resolution using a data set collected on the NSLS X12C beamline; it shows 
that the structures of the polymerase domains of the thermostable enzyme and of 
the Klenow fragment are nearly identical, whereas the catalytically critical carboxy- 
late residues that bind two metal ions are missing from the remnants of the 3’-5’ 
exonuclease active site of Taq polymerase. The first view of the 5’ nuclease domain, 
responsible for excising the Okazazi RNA in the lagging-strand DNA replication, 
shows a cluster of conserved divalent metal-ion-binding carboxylates at the bottom 
of a cleft. The location of this 5’ nuclease active site some 70 8, from the poly- 
merase active site in this crystal form highlights the unanswered question of how 
this domain works in concert with the polymerase domain to produce a duplex DNA 
product that contains only a phosphate nick. 

Crystal Structure of Fe(III)-Zn(I1) Purple Acid Phosphatase with x12c 
Phosphate Bound to the Active Site 

T. Klabunde, N. Straeter, Ii. Froehlich, H. Witzel, B. Krebs (Univ. of Muenster) 

Purple acid phosphatases containing a dinuclear Fe(III)-Me(I1) center (where Me 
can be Fe or Zn) in their active site catalyse the hydrolysis of activated phosphoric 
acid esters and anhydrides like ATP, at a pH range from 4 to 7. The characteristic 
purple color of this subclass of acid phosphatases results from a tyrosine to Fe(II1) 
charge transfer transition at approximately 560 nm. Interactions with phosphate, 
which is a competitive inhibitor of the phosphatase activity, have been investigated 
in several spectroscopic studies in order to understand the detailed mechanism of 
ester hydrolysis. The X-ray structure of the dimeric 111 kDa Fe(III)-Zn(I1) kidney 
bean purple acid phosphatase (kbPAP with phosphate bound to the active site 
has been determined at a resolution o 2 2.7 Ang using the structure of the native 
enzyme as a starting model [Straeter, N., Klabunde, T., Tucker, P., Witzel, H., and 
Krebs, B. (1995) Science, 1489-14921. Furthermore the data for the native structure 
could be improved to 2.65 Ang. In native kbPAP the iron ion is coordinated by 
Tyr-167, His-325, and Asp-135 and the zinc ion by His-286, His-323! and Asn-201. 
The two metals are bridged monodentately by Asp-164. In the inhibitor complex 
the oxyanion binds in a bidentate bridging mode to the two metal ions, replacing 
two of the presumed solvent ligands present in the native enzyme form. As also pro- 
posed for the native structure a bridging hydroxide ion completes the coordination 
spheres of both metal ions to octahedral arrangements. In the phosphate-enzyme 
complex the third and the fourth oxygen atom of the phosphate group interact 
with the imidazolium cations of His-202 and His-296. Both structures are consis- 
tent with a mechanism of phosphate ester hydrolysis involving a nucleophilic attack 
on the phosphorus by an Fe(II1 -coordinated 
evolving at the phosphorus in t h 

hydroxide ion. The negative charge 
e assumed pent&coordinated intermediate might 

be withdrawn by the two metal ions and by His-202 and His-296. 

Figure 1. Active site region of kbPAP displaying the metal coordinating ligands 

. 



4d 
E Crystal Structure Determination of L-aspartate-/I-semialdehyde de- x12c 

hydrogenase (ASADH, E.C. 1.2.1.11) 

Kryger, G., Petsko, G.A. and Ringe D. (Brandeis University) 

The enzyme L-aspartate-/3-semialdehyde dehydrogenase (ASADH, E.C. 1.2.1.11) 
is an NADP-linked dehydrogenase that is encoded by the asd gene in Escherichia 
coli. The reaction catalyzed by this enzyme, which reversibly converts L-aspartate- 
P-semialdehyde to L-P-aspartyl-phosphate, is located at a key branch point in the 
metabolic pathway of aspartate to other amino acids. 

To understand the mechanism and specificity of ASADH better, its three di- 
mensional crystal structure determination was carried out by single isomorphous 
replacement and multiple wavelength anomalous diffraction methods. ASADH crys- 
tals are extremely sensitive to radiation damage caused by the x-rays., they diffract 
poorly in a home-lab x-ray source, and only one heavy-atom derivatrve was found 
after extensive searches (the Hg atom in PCMB). Th ese crystal characteristics made 
it imperative that the data will be collected at a wavelength-tunable, very intense, 
x-ray source. This was achieved at the Brookhaven National Laboratories NSLS 
X12-C, run by Dr. R. Sweet. The structure was solved using three datasets col- 
lected at this beam line, one native at a resolution of up to 2.6A, and two datasets 
at different wavelength from a single Hg derivatized crystal at 3.OA. Data were col- 
lected from the two crystals at cryogenic temperature. The structure determination 
is at the initial model fitting stage at the time this abstract is written. 

Crystal Structure of the A Domain from the a subunit of Integrin x12c 
CR3 (CDllb/CD18) 

Jie-Oh Lee, Robert Liddington (DFCI, HMS) 

Integrins are plasma membrane proteins that mediate adhesion to other cells and 
to components of the extracellular matrix. The interactions of several integrins with 
their extracellular ligands are mediated by an A-type domain (generally called the 
I-domain in integrins). We have determined the high resolution crystal structure of 
the I-domain from the a chain of integrin CR3. The domain adopts a classic a/b 
“Rossmann” fold and contains an unusual Mg2+ coordination site at its surface. 
One of the coordinating ligands is the glutamate side chain from another I-domain 
molecule. We suggest that this site represents a general metal ion-dependent ad- 
hesion site (MIDAS) for binding protein ligands. We further propose that the b 
subunits of integrins contain a MIDAS motif within a modified I-domain. Our crys- 
tal structure will allow reliable models to be built for other members of the I-domain 
superfamily and should facilitate development of novel adhesion modulatory drugs. 

METHODS: The structure was solved using multiwavelength dispersion (MAD) 
technique with a selenomethionine derivative. All the MAD data and high resolution 
native data were collected on beam line X12C. Data were processed to an Rsym 3- 
4% and completeness is 99%. MAD phase were determined to 2.OA resolution using 
program MLPHARE ( overall figure of merit=0.65). The structure was refined to an 
R factor of 21% at 1.7A resolution with good geometry. The final model contains 
all non-hydrogen atoms of residues D132 to K315 and 150 water molecules. 
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Two conformations of the integrin A-domain (I-domain): a pathway x12C 
for activation? 
Jie-Oh Lee, Robert Liddington (DFCI, Harvard Medical School) 

Integrins are a family of cell adhesion molecules expressed on cell surface. Most 
integrins are rapidly and reversibly activated in response to agonists, leading to 
highly regulated cell adhesion. This activation is associated with conformational 
changes in their extracellular portions. The interactions of several integrins with 
their ligands are mediated by a type A-domain (generally called the I-domain in 
integrins). We have described previously the structure of a ‘liganded’ I-domain 
grown in the presence of Mg2+, and now report the structure of an ‘unliganded’ 
form grown in the presence of Mn2+. Comparison of the two crystal form reveals 
a change in metal coordination which is linked to a large (10A 
terminal helix and burial of two phenylalanine residues within the h 

shift of the C- 
ydrophobic core 

of the Mn2+ form. Our observations provide the first atomic resolution view of 
conformational changes in an integrin domain, and suggest a link between these 
structural changes and a change in adhesiveness. 

METHODS: Data were collected to 2.9A resolution on beam line X12C using a 
MarResearch imaging plate, with wavelength of 0.98A. Data are 99% complete and 
Rsym is 6% (27% in outer shell). The structure was solved by molecular replacement 
using the Mg%+/I-domain structure as the search model. The structure was refined 
using XPLOR and manual model building to a final R factor of 21%. The final 
model comprises all non-hydrogen atoms of residues D132 to A318 and 100 water 
molecules. 

Crystal structure of a Lyme-disease antigen in complex with an an- x12C 
tibody. 

Hong Li and Catherine L. Lawson Biology Department, Brookhaven National Lab- 
oratory 

Borrelia Lurgdorferi is the organism responsible for Lyme disease on Long Island. 
OspA is an abundant surface protein of the Borrelia spirochete that has been found 
to trigger immunopathological processes. To aid in vaccine development for Lyme 
disease, the crystal structure of OspA and its complex with the Fab fragment of a 
monoclonal antibody (Fab184.1) is being determined. 

Recent efforts have focused on collecting higher resolution native data and heavy 
atom derivatives (Pt and I 

i’ 
. A mutant form of recombinant OspA (Ser69 --t Cys69) 

has allowed the growth of arger crystals (0.14mm x 0.1 mm x 0.6 mm).In addition, 
suitable conditions were found to freeze the crystals in a nitrogen gas stream. A 
native data set to 2.3 A was collected at the X12C beamline of the NSLS, and a 
Cys69 data set to 1.9 A was collected at the X25 beamline. 

A partially refined OspA-Fab184.1 model was obtained by tracing an electron 
density map calculated with a combination of multiple isomorphous replacement and 
molecular replacement phases. The protein backbone trace for OspA was confirmed 
by difference Fouriers between two Ser --t Cys single mutants and the wild type 
OspA data sets, and by a platinum site near the sole methionine residue of OspA. 

The current protein model consists of residues 7-25’7 of OspA (28 kD) and all 
residues of Fab184.1 (50 kD) with an overall isotropic temperature factor. The 
crystallographic residual factor R is 29% and free R is 37%. Further refinement of 
the model is currently underway. 

The secondary structure of OspA is in qualitative agreement with results obtained 
by circular dichroism studies [1] at beamline U9. OspA consists mostly of P-sheet 
with one a-helix (the last 9 residues). OspA is composed of two domains, an N- 
terminal P-sheet domain (residues l-116) 
domain (residues 117- 257). 

and a partially closed C-terminal P-barrel 

[l] France, L. L.; Kielecsawa, J.; Dunn, J. J.; Hind, G. and Southerland, J. C. 
(1992). Biochimi. et Biophy. Acta 1120:59-68. 

Figure 1. Partially refined structural model of OspA-Fab184.1. OspA is represented 
by ribbon model. . 

. 



Structural studies of Stearoyl-acyl Carrier Protein Desaturase from X12C 
Castor Seed 

Y.Lindqvist, W.Huang, G.Schneider(Department of Medical Biochemistry and Bio- 
physics, Karolinska Institute, J.Shanklin(Dept. of Biology,BNL) Sweden), 

Stearoyl-acyl Carrier Protein Desaturase(EC 1.14.99.6) catalyzes the first desatu- 
ration step of stearoyl-ACP resulting in oleoyl-ACP. The dimeric delta-9 desaturase 
consists of 363 amino residues per subunit and contains a diiron center. The struc- 
ture of the enzyme was solved using a single derivative in combination with 6-fold 
averaging to 3.2A resolution. On beamline X12C, the resolution could be extended 
to 2.4A and the obtained dataset is 87% complete, Rmerge 0.075. The refinement 
of the model agaist this data-set is currently underway. The significant increase 
in resolution has been critical in obtaining a reliable protein model and would not 
have been possible using conventional X-ray sources. 

1 Viral Protein VP16 1 x12c 
Y.Liu, C. Huang, W. Herr, and X. Chena (Cold Spring Harbor Laboratory, Cold 

Spring Harbor, New York 11724) - ’ - - 
_. 

The herpes simplex virus HSV) encoded protein VP16 is not only an essential 
structural component of the L SV viron, but also the activator of HSV immediate- 
early (IE) gene expression. VP16 is one of the most potent transcriptional active, 
tors identified in eukaryotes. It forms a multiprotein complex with cellular proteins 
Ott-1 and HCF to activate viral IE gene transcription by binding to TAATGARAT 
elements in the IE promoters . This binding enables the activation domain of VP16 
to interact with the basal transcriptional machinery and activate transcription of 
the viral IE genes. Therefore, structural studies of VP16 will lead to an understand- 
ing of multiprotein-DNA interactions involved in transcriptional regulation. Since 
transcription regulation is intimately related to cell growth, cell cycle control, and 
oncogenesis, VP16 has been a subject of intensive studies. A three-dimensional crys- 
tal structure of VP16 will not only shed light on the mechanism of VP16 function, 
but also facilitate further biochemical characterization of the protein. 

A construct encoding a GST-fusion with the central region (amino acids 48- 
412) of VP16 that is sufficient for VP16 induced complex formatron but lacks the 
activation domain has been made. The fusion protein was purified on a glutathione- 
agarose column, and VP16 was released from the fusion by thrombin digestion at 
the junction between the GST and VP16 sequences. Thrombin and VP16 were then 
separated by Q-sepharose column chromatography. Purified VP16 was crystallized 
by the hanging-drop method into rod-like crystals with an average dimension of 
0.2 x 0.2 x 1.0 mm3 at 16C. Preliminary results indicate that the VP16 protein 
crystallizes into an orthorhombic space group with unit cell dimensions of a=60 
A, b=77 A, c=83 A. The crystals diffract X-ray beyond 3 A and the structural 
determination is underway. 



DNA Modification by HhaI Methyltransferase 1 x12c 

M. O’Gara (Cold Spring Harbor Lab.), R.J. Roberts (NEB), X. Cheng (Cold Spring 
Harbor Lab.) 

In 1993, we solved and published the structure of the M.HhaI-AdoMet complex 
(Cheng et al., 1993). Fr om this binary structure determined at 2.5 A resolution, we 
learned that the M.HhaI folds into two broad domains: a catalytic domain that con- 
tains catalytic and cofactor-binding regions, and a DNA-recognition domain. Later, 
we solved and published the ternary structure for a chemically-trapped covalent re- 
action intermediate between the M.HhaI, a duplex 13-mer DNA oligonucleotide 
containing methylated 5-fluorocytosine at its target and reaction product AdoHcy 
(Klimasauskas et al., 1994). This structure determined at 2.8 A resolution reveals 
the three-dimensional basrs for the functions of amino acids implicated in DNA- 
sequence specificity, catalysis and cofactor binding. The DNA is bound in a cleft 
between the two domains. The structure is the first to demonstrate “an amazing 
distortion in DNA induced by a methyltransferase”, i.e., the substrate nucleotide is 
completely flipped out of the helix during the modification reaction. The structure 
also provides a clear example of induced-fit for both protein and the DNA in the 
sequence-specific substrate binding by M.HhaI. 

The above ternary structure represents one step of the reaction pathway. Dur- 
ing the past year, we crystallized, collected, and solved structures of M.HhaI with 
cognate DNA and methylated DNA, in the presence of S-adenosyl-L-homocysteine. 
The structures of these two complexes have been refined to crystallographic R- 
factors of 0.189 and 0.178, respectively, at 2.7 A resolution. The two structures 
reveal that 1) both unmethylated 2’-deoxycytidine and 5-methyl-2’-deoxycytidine 
completely k ip out of the DNA helix and fit into the active site of the enzyme, 
(2) the C5 methyl group of the flipped 5-methyl-2’-deoxycytidine lies in between 
the C5 and the sulfur of S-adenosyl-L- homocysteine, (3) two water molecules, held 
near the hydrophobic edge of the flipped cytosine (C5 and C6) by two conserved 
amino acids Gln-82 and Asn-304) and the phosphoryl oxygen of the phosphate 

6 group 3’ to t e flipped nucleotide, may serve as the base for the elimination of 
the proton from C5, and (4) the protonation of ring N3 of the cytosine during the 
methylation reaction may occur through a water-mediated interaction between the 
terminal carboxyl group of Glu-119 and the amino group of the methionine moiety 
of S-adenosyl-L-methionine. 

Cheng, X., Kumar, S., Posfai, J., Pflugrath, J.W., Roberts, R.J. (1993) Cell 
74, 299-307. Cheng, X., Kumar, S., Klimasauskas, S., Roberts, R.J. (1993) Cold 
Spring Harbor 

Symp. Quant. Biol. 58, 331-338. S. Klimasauskas, S. Kumar, R.J. Roberts, and 
X. Chena. (1994) Cell 76. 357-369. 

S. K&&r, X: Cheng,’ S. Klimasauskas, S. Mi, J. Posfai, R.J. Roberts, and 
G.G.Wilson. (1994) Nucleic Acids Res. 22, l-10. X. Cheng (1995) Curr. Opin. 
Strut. Biol. 5, 4-10. X. Cheng (1995) Annu. Rev. Biophys. Biomol. Struct. 
24, 293-318. M. O’Gara, K. McCloy, T. Malone, and X. Cheng (1995) Gene 157, 
135-138. G. Schluckebier, M. O’Gara, W. Saenger, and X. Cheng (1995 J. Mol. 
Biol. 247, 16-20. Malone, T., Blumenthal, R.M., Cheng, X. (1995) J. Id 01. Biol. 
253, 618-632. 

t;d 
M. O’Gara, S. Klimasauskas, R.J. Roberts, and X. Cheng. submitted 

E 

Shake-and-Bake solution of (~1 at 0.92a resolution 

G. PrivO (University of Toronto/OCI) and D. Eisenberg (UCLA) 

x12c 

(~1 is a peptide designed to form an o-helix and self-assemble into a four-helix 
bundle. The 2.7 A resolution structure of the peptide at pH 3.4 has been reported 
(Hill et al., Science 249, 543-546 (1990)) in which the peptides form a-helices as 
predicted, but these associate into a complicated network of diiers, trimers and 
hexamers in the crystal lattice. A second crystal form has been obtained at neu- 
tral pH. These crystals adopt space group Pl and have unit cell dimensions of 
a=20.8A b=20.9A c=27.lA (r=102.4’, /?=95.3.“,. 7=119.6’, containing four crys- 
tallographically unique peptides. Since the trichmc crystals diffract to better than 
1.5A resolution on a conventional rotating anode x-ray source, attempts were made 
to collect an ultra-high resolution data set on beamline X12C for ab initio phasing 
via the Shake-and-Bake method. This method can solve structures with several 
hundred atoms if atomic resolution data are available. 

A single crystal was frozen at 100 Kelvin and used for all data collection. 
Monochromatic radiation at X=0.92A was used throughout, and the 150 mm radius 
Mar Research imaging plate detector was positioned at a crystal to detector dis- 
tance of 130 mm and 28=12’ in order to collect the highest resolution data possible. 
Two different crystal orientations were required to completely cover the hemisphere 
of unique data, and both short and long exposures were needed to measure the full 
dynamic range of the data. In total, 77,116 observations were reduced to 23,681 
unique reflections using Denzo/Scalepack, with an Rmcrge of 0.076 (100.00% com- 
plete oo-l.COA ; 83.4% complete l-40-0.92A ). Shake-and-Bake was able to solve 
10% of random-atom trial starting structures. The final structure consists of 450 
non-hydrogen atoms (408 peptide atoms), and has been refined with SHELXL-93 
to an R value of 0.12 for all data to 0.92A and an Rf,,, of 0.14. The four unique 
peptides form antiparallel arrays of cr-helices, thus fulfilling one one of the main de- 
sign goals. Unexpected interhelical associations also occur, generating head-to-tail 
stacks of helices throughout the lattice, with alternating layers of hydrophobic and 
ionic zones. 

Figure 1. 2Fo-Fc electron density map 

Figure 2. View down helix axis 



4d i Crystallographic Studies of Adenylosuccinate Lyase from B. subtilis ~12~ 

Matthew Redinbo, Todd 0. Yeates; University of California, Los Angeles 

Adenylosuccinate lyase (ASL) f rom Bacillus subtilis is a 200 kDa homotetramer 
that catalyzes two steps of de novo purine biosynthesis leading to the formation 
of AMP and IMP, both steps involving the beta-elimination of fumarate. A single 
point mutation in the human ASL gene has been linked to mental retardation with 
autistic features, and ASL also plays an important role in the bioprocessing of anti- 
HIV therapeutics. Recombinant B. subtilis ASL, which shares 70% sequence identity 
with human ASL, has been crystallized. Diffraction on an in-house Rigaku generator 
with an R-AXIS IIc imaging plate yielded data to 3.8 A resolution for crystals 
frozen to 100 K. Data collection at beamline X12C at the NSLS at Brookhaven 
National Laboratory extended the resolution to 3.3 A, also using crystals frozen 
to 100 K (Rmerge=B.l%, 93% complete, < I > / < u >=5.4 for data between 
3.4 and 3.3 A resolution). B. subtilis crystals are of space group P6122 or P6522 
and have a relatively long c-axis of approximately 280 A. The MAR detector at 
beamline X12C mimics three circle 
c*-axis approximately along the phi f 

eometry and allowed the orientation of the 
rotation axis which faciliated the collection 

of a complete, higher resolution data set. d tructure determination by multiple 
isomorphous replacement is in progress, and we consider the higher resolution data 
collected at X12C to be a crucial step in the progress of the structure determination 
of B. subtilis ASL. 

High-Resolution X-Ray Diffraction Data of Gene V Protein of bat- x12c 
teriophage fl. 

Matthew M. Skinner and Thomas C. Terwilliger, Los Alamos National Laboratory, 
LS-8 M888 Los Alamos, NM 87545 

Gene V protein (GVP) of bacteriophage fl is involved in DNA replication. It 
binds to single-stranded nucleic acids with high affinity but little sequence speci- 
ficity. GVP coats single-stranded DNA during bacteriophage fl replication, forming 
an ordered superhelical protein-DNA complex. This protein-DNA complex facili- 
tates packaging of the ssDNA into new phage particles. The GVP is a member of 
the OB-fold superfamily of proteins. 

The X-ray Crystallographic structure of GVP has been determined by our lab- 
oratory at 1.8A. GVP is a dimer with identical subunits. The monomer of GVP 
forms a distorted five stranded anti-parallel beta barrel. The protein portion of 
GVP has been used to model the single-stranded DNA into a left-handed super- 
helical complex. In addition, the structure of GVP is being used to study protein 
stability by determining crystal structures of site-directed mutants in the core of 
the protein. 

We recently extended the high-resolution X-ray diffraction data of GVP to 1.4k 
at beamline X12C (Fig 1.). The data are of excellent quality with a Rsym on I of 
5.3%. Data is complete to 96% and protein atomic refinement is under investigation. 

Figure 1. A portion of the film plate showing X-ray Diffraction to 1.4A. 

. 



Structure of the Actin:Profilin:Rhodamine-phalloidin Complex * 1 x12c 1 

N. Vogelaar (Princeton Univ.), U. Lindberg (Stockholm Univ.), R.M. Sweet 
(NSLS), and C.E. Schutt (Princeton Univ.) 

One of the main goals of our laboratory is to understand the nature and struc- 
ture of actin-its conformational flexibility, how it binds to other proteins, and the 
manner in which it self-associates to form microfilaments. Toward these ends, our 
lab has determined the structure of the “T-state” actin:profilin complex [l]. In that 
structure, we observed extensive actin-actin interactions and speculated that they 
may be related to contacts in the actin filament. The current work supports this 
hypothesis in that we have demonstrated using confocal fluorescence microscopy 
that rhodamine-phalloidin binds to actin:profilin crystals. Phalloidin is known to 
bind and stabilize actin filaments but does not interact significantly with actin 
monomers. Data from a single, frozen, rhodamine-phalloidin-soaked actin:profilin 
crystal was collected and was 94% complete to a resolution of 2.3A. The RJym was 
8.1%. The space group is P21212r, with cell constants of a=37.69 A, b=71.77 A, 
and c=187.33 A. Molecular replacement was done using the “P-state” actin:profilin 
structure [2] using 8-4 Adata. The crystallographic residual using the resulting 
model was 35%. Preliminary results indicate that the actin cleft is more open than 
the “T-state” structure, but more closed than the ‘(P-state” structure. Although 
the rhodamine-phalloidin site has not yet been determined, both the ATP and the 
calcium ion have been tentatively placed. Refinement is continuing. 

[1] C.E. Schutt, J.C. Myslik, M.D. Rozycki, N.C.W. Goonesekere, and U. Lind- 
berg, Nature 356, 810(1993). 

Crystal structure of the DNA polymerase from phage RB69, an Q x12c 
family and replication polymerase. 

Jimin Wang (Yale), A. K. M. Sattar (Yale), Jim Karam (Tulane), W. H. Konigsberg 
(Yale) and Thomas A. Steitz (Yale) 

T4 DNA replication is one of the best studied systems. All ,of ten T4 encoded 
components at the replication fork have been cloned and overexpressed and sub- 
ject to extensive biochemical and biophysical studies. The center component of the 
replicase, the gene 43 product (gp43 or T4 DNA polymerase, is the enzyme re- 
sponsible for DNA synthesis. T4 DN 4 polymerase is a pol Q family polymerase, to 
which eukaryotic polymerases belong. T4 DNA polymerase possesses two enzymic 
activities, 5’-3’ polymerase and 3’-5’ exonuclease, in addition to its ability to bind 
its own mRNA as autogenous translation regulation. 

Bacteriophage RB69 is a distant relative of T4 phage family. Many of RB69 
encoded proteins show high similarity with T4 proteins. Their gp43 or DNA poly- 
merases share 62% identity and 75% similarity. 

The crystal structure of RB69 DNA polymerase has been solved at 3.8 A reso- 
lution in an orthorhombic space group (P212121) using two mercurial derivatives, 
and at 5.0 A in a monoclinic space group (P21) using one mercurial derivative using 
a home x-ray radiation source. The diffraction data have been extended to 2.8-3.1 
A for the orthorhombic space group using 10 crystals and to 3.2-3.5 A for the mon- 
oclinic from 6 crystals using the intense x-ray radiation source at the NSLS X12C 
beamline. The structure has then been extended to the resolution limits using non- 
crystallographic averaging procedures among one copy of molecule in P212121 and 
two copies in P21. 

The crystal structure of RB69 DNA polymerase reveals that the polymerase 
consists of five domains called amino terminal (N), 3’-5’ exonuclease (Exo), Fingers, 
Palm and Thumb. Domains N and Exo are located at the amino terminus and 
possesses 3’-5’ exonuclease activity, respectively. Both domains are within the first 
388 amino acids, whose structure was previously solved as a fragment of the T4 DNA 
polymerase. The remaining carboxy terminal polymerase domains form a cleft that 
contains three catalytically important carboxylate residues located at the bottom of 
this cleft. The Palm domain containing these carboxylates has an identical topology 
as Palm domains of the HIV reverse transcriptase and the Klenow fragment of pol 
I. The fingers and thumb domains, however, have structures that are unique to the 
corresponding parts of the other DNA polymerases of known structures. Four of 
five domains (N, Exo, Palm and Thumb) are arranged within a plane, and the fifth 
domain (Fingers) with 50 A long helices protruding at the back. In comparison to 
the relative positioning of the 3’-5’ exonuclease to the polymerase in the Klenow 
fragment, the exonuclease domain in RB69 DNA polymerase has been translocated 
from the template strand side to the primer strand side of the presumedly bound 
DNA duplex product. 

F 
=: 
4 * Supported by NIH grants GM44038 and AI30743 



1 Casein kinase I Ix12cl 

R. Xu, G. Carmel, J. Kuret, and X. Cheng (Cold Spring Harbor Laboratory, Cold 
Spring Harbor, New York 11724) 

Casein Kinase I (CKI) is a serine/threonine specific protein kinase that is ubiq- 
uitous in eukaryotic organisms. Last year we solved the structure of the catalytic 
domain of CKI from Schizosaccharomyces pombe in complex with MgATP at 2.0 
A resolution (Xu et al., 1995). The crystals were formed in a trigonal space group 
(P3221). Thus year, we solved the crystal structure of CKl complexed with an 
inhibitor CKI7! refined to a crystallographic R-factor of 17.8at 2.5 A resolution. 

A large family of isoquinoline sulfonamide compounds inhibits protein kinases 
by competing with ATP, yet interferes little with the activity of other ATP-using 
enzymes such as ATPases and adenylate cyclases. 
aminoethyl)-5-chloroisoquinoline-8-sulfonamide 
lated from a variety of sources. 6 

One such compound, N-(2- 

The CKl-CKI 
CKI’I), is selective for CKl iso- 

structure provides new insights 
into the mechanism of the ATP-competing inhibition and the origin of their selec- 
tivity toward different protein kinases. Selectivity for kinases versus other enzymes 
is achieved by hydrophobic contacts and the hydrogen bond with isoquinoline ring. 
We propose that the hydrogen bond involving the ring nitrogen-2 atom of the iso- 
quinoline must be preserved, but that the ring can flip depending on the chemical 
substituents at ring positions 5 and 8. Selectivity for individual members of the 
kinase family is achieved primarily by interactions with these substituents. 

References: 
G. Carmel, B. Leichus, X. Cheng, S.D. Patterson, U. Mirza, B.T. Chait, and J. 

Kuret. 1994. J. Biol. Chem. 269. 7304-7309. 
R. Xu, G. Carmel, R.M. Sweet, J. Kuret, and X. Cheng (1995) EMBO J. 14, 

1015-1023. 
R. Xu, G. Carmel, J. Kuret, X. Cheng. submitted 

Report on data collected from insulin and osteogenic protein (OP-1) 
crvstals at NSLS beamline X12C. Amil l-10 and June 27-30. 1995. 

x12c 

Bin Yu and Donald L. D. Caspar (FSU) 

Anomalous difference low resolution data were collected from cubic insulin crys- 
tals soaked in 1M tungstate buffer to map the distribution of ions in the solvent 
space in April. Measurable anomalous differences were observed out to 9A spacing. 
The result was presented in ACA 95 meeting (Abstract MOOl). The datasets are 
being used in conjunction with other contrast variation experiments to map the so- 
~o~;ecessible space in cubic the insulin solvent which occupies 67 % of the crystal 

Complete data (l/80 A to l/2.4 A p s acing ) from native OP-1 protein with intact 
disordered N-termini were collected in June. In collaboration with Dr. D. Griffith, 
the project is to map the disordered N-terminal segment (about 40 residues) by 
including low resolution data. Analysis is in progress. 

MAD data at 3 wavelengths from 2-Zn crystal soaked in O.lM Tl+ were collected 
at LN temperature to 1.25 A spacing in June. Binding of Tl+ near B13 was noted 
by Blundell and Johnson in their textbook. However there was no evidence of 
such binding under the conditions of this experiment. The quality of the data 
is exceptional and comparison with published structure (refined to 1.5 A) is in 
progress. 



X-ray Diffraction Study of Tilted Phases of Langmuir Monolayers * Xl.48 

M.K. Durbin, A. Malik, A.G. Richter, R. Ghaskadvi, and P. Dutta (Northwestern 
University), and Thomas Gijg (Oak Ridge National Lab) 

We used grazing incidence diffraction to study tilted phases of Langmuir mono- 
layers! and discovered a new phase in which the molecules tilt in a non-symmetry 
directron. We were also able to observe the transition from a tilted phase with 
ordered backbone planes to one with disordered backbone planes. We studied 
arachidic (C&e) acid and nonadecanoic (&a) acid along a 0°C isotherm, and along a 
llidynes/cm isobar. The isotherm passes through four different phases. Each phase 
has a different tilt symmetry. Figure 1 shows the tilt magnitude and orientation 
(azimuth) as a function of pressure. The highest pressure phase is untilted (U . As 
the pressure is lowered, the molecules begin to tilt towards a next-nearest h neig bor 
(NNN tilt, 4 = 30“). The third phase has intermediate tilt (I tilt, 30’ > 4 > 00), 
and the lowest pressure phase has nearest neighbor tilt (NN tilt, 4 = 0“). 

The isobar remained entirely within the NN phase, but it has been suggested that 
the NN phase be subdivided into two phases. At low temperatures, the molecules are 
expected to have a herringbone packing, whereas at high temperatures they should 
have no orientational order. The orientational order and the tilt both contribute to 
a distortion of the hexagonal lattice. The distortion can be measured, and the effect 
due to tilt subtracted out. The distortion due entirely to orientational ordering of 
the molecules is plotted in Figure 1. There is a clear transition near 30°C from 
non-zero distortion to no distortion. 

1 Orientation 0 Magnitude 

Figure 1. Tilt behavior of Cse acid along 
a 0“C isotherm. 

P * This work was supported by the U.S. 

L Dept. of Energy grant no. DE-FGOP- 
CD 84ER45125. 
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Atomic Resolution Imaging with Multi-Energy X-ray Holography X14A 
(MEXH) 

T. Gog (ORNL), P.M. Len, C.S. Fadley (UC Davis), D. Bahr, C. Sanchez-Hanke, 
G. Materlik (HASYLAB) 

Multi-energy x-ray holography (MEXH is introduced as a new technique for 
directly imaging atomic structures in the b ulk or at surfaces of solids. It utilizes 
monochromatic synchrotron radiation incident on the sample to generate an internal 
scattering field and monitors fluorescence from specific atoms to determine the 
electric field strength at the center of these atoms. Scanning an extended volume 
of reciprocal space and converting the resultant intensity distribution by Fourier 
transform, a real space image of the immediate atomic environment around an 
emitter is obtained. 

MEXH can be regarded as the x-ray equivalent to multi-energy electron emission 
holography and as an inversion of the more conventional idea of x-ray fluorescence 
holography (XFH). I n contrast to XFH, however, image aberrations known to drasti- 
cally distort single energy holograms are effectively suppressed by this multi-energy 
approach. 

MEXH was applied to a natural slab of single-crystal Hematite (FezOs), which 
consists of alternating layers of iron and oxygen and can be conveniently described 

The figure below shows a real-space reconstruction of an 
in Hematite. Clearly to be seen are iron atoms on the six nearest 
a central emitter as well as atoms on corner sites of the underlying 

hexagonal grid, up to distances of about 8 A 

Figure 1. Holographic reconstruction of an iron (O,O,l) layer in Hematite (FezOs) 

. 



X-ray Fluoresence Holography: Imaging the Atomic Environment in X14A 
Hematite (FezOz) 

T. Gog (ORNL,HASYLAB), P.M. L en, C.S. Fadley (UC Davis), D. Bahr, C. 
Sanchez-Hanke, G. Materlik (HASYLAB) 

To study the feasibility of x-ray fluorescence holography (XFH) as a tool for 
directly imaging atomic environments in solids, an attempt was made to resolve 
the structure in the immediate vicinity of Fe atoms in a natural Hematite (Fez03 
crystal. Choosing four different energies above the K-absorption edge of Fe an d 
varying the direction of the incident beam on the sample following a 5’x5’ grid in 
polar and azimuthal angles, Fe Ka! fluorescence was collected at more than 1400 
points in Z - space. After a careful background subtraction procedure, specific 
crystal planes in T’- space were reconstructed by Fourier transformation of the g - 
space data. 

1 Multi-Energy X-ray Holography: Images of Ge( 100) 1 X14A 1 

T. Gog (ORNL), R.H. Menk, F. Arfelli (BNL), P.M. Len, C.S. Fadley (UC Davis) 

While initial efforts to record multi-energy x-ray holograms (MEXH 
Hematite were very encouraging, several experimental issues need to be ad d 

from 
ressed 

to fully realize the potential of this new method. One special concern are excessive 
data acquisition times, which were of the order of 150 hours in the case of Hematite. 

In the current study it was attempted to image the structure of an ideal Ge(100) 
crystal. A major improvement in counting capability came through the use of 
a fast proportional counter with associated fast preamplifier, discriminator, pulse 
converter and scaler. Energy dispersion was accomplished with a curved graphite 
analyzer. Maximum count rates in this single channel set-up were in excess of 
300000 s-l, at a total detector dead time of approximately 200 ns, as determined 
within the frame of non-extended dead time theory. With these characteristics, 
sufficient holographic data could be recorded at four different energies above the Ge 
KCY absorption edge in a substantially reduced time of about 48 hours. 

The figure below is a rendering of a preliminary holographic reconstruction of 
the Ge(100) plane. Four corner atoms around the central emitter mark the cubic 
unit cell of the diamond structure. With measured distances of approximately 5.5 
A between pairs of corner atoms, these atomic positions are in reasonably good 
agreement with the published lattice constant of 5.66 A. 

Figure 1. Holographic reconstruction of the Ge(lOO) plane 

. - 



Study of Surface Active Poly(pyrroles) using Synchrotron X-ray X14A 
Diffraction + 

T. Herod, G.Weekaseekra, T. Servay, and R.S. Duran (University of Florida), M. 
Durbin, A. Malik, and P. Dutta (Northwestern University) 

Previous investigations which reported the successful imaging of polypyrroles 
using Scanning Tunneling Microscopy (STM) triggered our interest in further eluci- 
dating the structural organization of these polymers in monomolecular layers. One 
way of improving the informational content of an STM image would be to disrupt 
the periodicity along the polymer chain. To accomplish this we prepared copoly- 
mers of 3-hexadecyl pyrrole (SHDP) and N-octadecyl pyrrole (NOP). The different 
substitution would allow for the the resolution of the monomer units and to locate 
the polymer backbone. As an aid in this investigation, the structure of the polymer, 
copolymer, and corresponding monomers, were investigated at the air-water inter- 
face using synchrotron x-ray diffraction. X-ray measurements were performed at 
the Oak Ridge National Laboratory on beamline Xl4 of the National Synchrotron 
Light Source. The experimental setup has been described in previous publications. 

Langmuir films of the pure 3HDP and a mixture of 50:50 (m) 3HDP and NOP 
were prepared at a temperature of 25’C and a surface pressure of 5 mN m-l. 
Diffraction data was acquired for each of these systems. Interpretation of these 
results are still being formulated. One off-plane diffraction peak (K, = 0.10-0.50 
A-’ was seen at K,, = 1.46 A-l for the pure 3HDP and two off-plane peaks, 
1.47 and 1.44 A-r were seen for the mixed monomer system. Interpretation of 
these results are still pending. Polymerization of the pure monomer, and mixtures, 
were accomplished via chemical oxidation with 0.03 M ammonmium persulfate on 
the water surface for ‘70 minutes, with a constant surface pressure of 5 mN m-‘. 
The surface pressure was then increased to 20 mN m-l and x-ray data acquired. 
Single (triply-degenerate) in-plane diffraction peaks were seen for the homopolymer 
and the copolymer at 1.47 A-r. This data supports the model of a 2-dimensional 
hexagonal lattice with lattice constant of 4.9 A with the alkyl chains standing normal 
to the water surface. 

1 

F Figure 1. Diffraction of poly(3-Hexadecylpyrrole) at the air-water interface. 

E CL * Supportedin part by ONR, and Micron Semiconductor&c. 

Inelastic X-Ray Measurements of the Local-Field Factor for a Simple 
Metal 

x14A 

B. C. Larson (ORNL) 

Recent first principles calculations by Fleszar et al.5 have shown that band struc- 
ture effects are responsible for the double peak in the dynamic structure factor 
S(q,w) for aluminum. Their results suggested that de tailed measurements of S(q,w) 
as a func tion of energy loss w and wave vector q near twice the Fermi wave vector, 
2 kF, could now be used to get information on the physics of short-range electron 
correla tions in simple metals. The X-14 beam line at the National Synchrotron 
Light Source has been used to measure S(q,w) near 2kF for aluminum as shown 
in Fig. 1. The measurements are compared to ab initio cal culations of S(q,w 
order to obtain experimental insight into the details of the (static 

1 
1 

in 
Hubbard- ‘ke 

many-body local field factor, G(q). In the figure, the curves labe ed So refer to 
non-interacting electron-hole pairs propagating in the band structure of aluminum. 
The RPA, TDLDA, and TDHF curves refer to calculations for three different forms 
of G(q): RPA corresponds to mean-field calculations where G(q) = 0; the TDLDA 
curves refer to a time-dependent extension of the local density approximation in 
which G(q) 92; and the TDHF curves refer to a G(q) (derived from time-dependent 
Hartree-Fock calculations 6) that is strongly peaked a with magnitude 2 near 2 
kF. There is remarkable agreement between the TDHF calculations and the mea- 
surements up to 2 kF, indicating that G(q) for aluminum reaches a value 2. A 
value this large rules out most existing models for G(q), and the departure from 
TDHF above 2 kF requires additional work. Direct fitting of G(q,w) as a dynamic 
local field factor is in progress. 

Figure 1. X-ray measurements and theoretical calculations of the dynamical struc- 
ture factor for aluminum along the 013 direction. The open circles denote the 
measurements and the lines represent calculations as defined in the legend. 

. 



1 X-Ray Measurement of the Local-Field Factor for Aluminum 1 X14A 1 

B. C. Larson (ORNL), J. Z. Tischler (ORNL), E. D. Isaacs (AT&T Bell Labs), P. 
Zschack (ORNL), A. Fleszar (Universityiit Wiirzburg), and A. G. Eguiluz (Univer- 
sity of Tennessee and ORNL) 

Recent first principles calculations [l 
k 

have suggested that band structure effects 
are responsible for the double peak in t e dynamic structure factor S($, w) for alu- 
minum. The calculations suggested further that detailed measurements of S(<, w) 
as a function of energy loss w and wave vector g near twice the Fermi wave vector, 
21cF, could now be used to get information on the physics of short-range electron 
correlations in simple metals. The X-14 beam line has been used to measure S($, w) 
near 21eF for aluminum as shown in Fig. 1. The measurements are compared to 
ab initio calculations of S($ w) in order to obtain experimental insight into the 
details of the (static) Hubbard-like many-body local field factor, G(q). In the fig- 
ure, the curves labeled S, refer to non-interacting electron-hole pairs propagating 
in the band structure of aluminum. The RPA, TDLDA, and TDHF curves refer to 
calculations for three different forms of G(p): RPA corresponds to mean-field cal- 
culations where G(q) = 0; the TDLDA curves refer to a time-dependent extension 
of the local density approximation in which G(q) N 9’; and the TDHF curves refer 
to a G(p.) (time-dependent Hartree-Fock calculations [2]) that is strongly peaked 
with magnitude N 2 near 21cF. There is remarkable agreement between the TDHF 
calculations and the measurements up to 2kF, indicating that G(g w) for aluminum 
reaches a value ~2. A value this large rules out most existing models for G(q), and 

arture from TDHF above 2kF calls for additional work. Direct fitting of 
as a dynamic local field factor is in progress. 
Fleszar A. A. Quong and A. G. Eguiluz Phys. Rev. Lett. 74, 590 (1995). 
Broseni and J. T. Dlvreese, Phys. Stat: Sol. (b) 147,173 (1988). 

Energy Loss (CA’) 

Figure 1. X-ray measurements and theoretical calculations of the dynamical struc- 
ture factor for Al along the [013] direction. 

Control of the colony microstructure of high T, superconductors 1 X14A 1 

E.D. Specht, A. Goyal, D.M. Kroeger (ORNL), J.A. DeLuca, J.E. Tkaczyk, and 
J.A. Sutliff (GE) 

Tlr CazSrzCusO, (Tl-1223) high-?‘, superconductors grown on polycrystalline 
substrates have been shown to have high critical current densities (Je) even at high 
temperatures and in high magnetic fields. Because polycrystalline substrates are 
used, these results make Tl-1223 a promising material for high-current applications 
requiring long lengths of wire, such as power transmission, magnets, generators, 
and motors. 

The high J, has been shown to result from local crystallographic alignment in the 
films[l]. While the films have no global in-plane alignment, “colonies” of aligned 
grains can be as large as a mm, containing thousands of grains. While high J, has 
been reported within a single highly-aligned colony, optimum J, over long lengths 
requires an in-plane, intracolony mosaic of ~20 deg. FWHM. 

Tl-1223 films are grown by exposing a precursor material to TlsO vapor[2]. Mi- 
crodiffraction[3] was used to analyze the average colony size and mosaic as a function 
of the exposure time (Fig. 1) and the TlzO flow rate (Fig. 2). An optimum colony 
size was produced by using a low flow rate and long exposure time, which leads to 
a complete reaction at a slow rate. 

1 E.D. Specht et al., Physica C 242, 164 (1995). 

11 

2 J.A. DeLuca et al., Physica C 205, 21 (1993). 
3 E.D. Specht et al., Physica C 226, 76 

This work was supported by the U.S. D 6 
1994). 
E Office of Advanced Utility Concepts 

- Superconducting Technology Program and Division of Materials Science under 
contract DE-AC05-840R21400 with Lockheed Martin Energy Systems, Inc. 
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Figure 1. Dependence of colony mosaic 
on time exposed to TlzO 

Figure 2. Dependence of colony mosaic 
on TlzO flow rate 



X-ray diffraction of human brain neuromelanin and synthetic neu- 1 -7. 1 1 
romelanin. * 

A14A 

Q.J. Wang, M. Eisner, P.R. Crippa, S.C. Moss [Physics Dept., University of Hous- 
ton) P. Zschack, T. Gogg (ORSL/NSLS B earnine X14) L.- Zecca (LT.&A.-CNR, 
Milan, Italy) 

Four samples were studied in both transmission and reflection (high-q). The first 
sample is natural human neuromelanin consisting of a pressed powder drsk of 3mm 
in diameter and 0.15mm in thickness. The second sample is enzymatic neuromelanin 
synthesized at Houston. The third sample is auto-oxidized dopamine melanin with 
Fe3+ ions, while a fourth sample is auto-oxidized neuromelanin with Fe’+ ions. The 
three synthetic samples are disks of 1Omm in diameter and about lmm in thickness. 
The X-ray photon energy at Xl4 was chosen at 16KeV. The proposed molecular 
formula of theses samples is essentially CraHrsz NsOarSsFe. We may note that 
the first sharp peaks of all three synthetic neuromelanins are between q=1.6Aj-’ 
and q=1.7A-l while the first sharp peak of the human brain neuromelanin is at 
q=1.32A-‘. These peaks have in the past [I] b een associated with interplanar order. 
In addition the synthetic samples have more detailed structure compared with the 
natural sample at higher q. Nonetheless the higher-q data seems similar in all which 
indicates that they have similar planar structures. 

These raw data sets are being processed to remove the measured Compton scat- 
tering (through the use of Xl4 analyzer/PSD 
provide S(q) for further analysis. 

detector) and are being reduced to 

S.C. Moss, M. Eisner and P. Zschack, Pigment Cell Res. 7 255 

Figure 1. 

4d 

ii 
* Research at Houston was supported by the U.S. DOE/BES on contract DE-FGOB- 

87ER 45325. 

X-ray Standing Wave Measurements of a Metal/Polymer Interface * X15A 

M.J. Bedzyk (ANL and Northwestern U.), B. DeKoven (Dow Chemical), P.F. 
Lyman (Northwestern U.), and M. Radler (Dow Chemical) 

There are a growing number of technological interests in the optical, electronic, 
magnetic, and catalytic properties of structures derived from thin metallic films 
evaporated on polymeric films. We are developing the use of x-ray standing waves 
(XSW) as an in-situ, chemically sensitive structural probe for profiling these struc- 
tures. As a trial, the morphology and possible thermal diffusion of a thin Cu layer 
deposited on a siloxane-based polymer film that coated a Au mirror was studied 
with XSW. The results suggest that the thin Cu film forms ‘islands’ when deposited 
and that the projected width of the Cu distribution changes after annealing. The 
diffusion of Cu into the polymer film is less than 5 Abefore and after annealing. 

The long-period XSW was generated above the Au mirror surface by total exter- 
nal reflection TER). The XSW period ( D = X/2sin 0 ) is infinite when the beam 

6 is parallel to t e plane of the mirror, and shortens at finite angles. At the critical 
angle (0, ) the period is D, = 80 Afor Au. Figure 1 depicts the data and fit for a 
sample with a thin Cu layer (~2 A) deposited on a ~500 Afilm at room tempera- 
ture. The oscillations in the reflectivity (Kissig fringes) reveal the thickness of the 
film (530 A and roughness of the two interfaces (4 A). The striking oscillations 
in the Cu 2 fluorescence occur when the extrema of the XSW move past the Cu 
layer. Assuming a Gaussian profile, the model curve indicates the Cu film is <z> 
= 531 Aabove the Au surface with a projected width of 23 A. If the Cu layer were 
uniformly 2 Athick and perfectly parallel to the Au surface, the Cu modulations 
would not be noticeably attenuated at higher angles within the TER region (since 
2 Ais small compared to the XSW period). The observed damping is most likely 
due to Cu islanding. After vacuum annealing to 300°C for 1 hour (with no Cu 
loss), there is no significant change in the modulation period indicating that the 
Cu distribution has the same average height <z> above the Au mirror (Fig. 2). 
However, the Cu modulations are now stronger at higher angles, indicating that the 
thickness of the Cu layer as projected along the surface normal has decreased to 14 

* Sponsored in part by the US DOE -’ 
(BEs-DMS), under contract W-31-109- 
ENG-38, and by the NSF under contract to 
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The Use of X-ray Standing Waves and Evanescent-Wave Emission X15A 
to Study Buried Strained-Layer Heterostructures * 

T.-L. Lee (Northwestern U.), Y. Qian (N or th western U. and ANL), P.F. Lyman 
(Northwestern U.), J.C. Woicik, J.G. Pellegrino (NIST) and M.J. Bedzyk (North- 
western U. and ANL) 

A heteroepitaxial structure consisting of 1 ML InAs grown on GaAs(OO1) and 
subse uently capped with 25 A GaAs was examined by the x-ray standing wave 
(XS4 method. By monitoring the In L fluorescence while scanning through the 
GaAs(O04) Bragg reflection, the indium position is measured to be 0.22 A above the 
nearest GaAs(004 

1 
diffraction plane (Fig. 1). Th is corresponds to a perpendicular 

strain of 7.7% wit in the InAs layer, which IS in good agreement with macroscopic 
elasticity theory (7.3%). We also demonstrate that, by limiting the emission takeoff 
angle lyu of the observed As La! fluorescence, the evanescent-wave-emission effect 
can be used in conjunction with the XSW method to determine the strain-induced 
displacement of the cap layer in the growth direction (Fig. 2). This displacement 
(0.47 A) is measured to be twice the displacement of the indium layer. 
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Surface Structure of Submonolayer Phases of Sn/Si(OOl) * X15A 

Paul F. Lyman (Northwestern U.) and Michael J. Bedzyk (Northwestern U. and 
ANL) 

Adsorption of -monolayer quantities of Sn on the Si(OO1) surface results in a rich 
surface phase diagram of LEED superstructures [l]. A striking STM investigation 
strongly suggests that these phases are constructed from various arrangements of a 
few basic structural building blocks; specifically, highly buckled dimers are prevalent 
on the surface [2]. To understand the chemical composition and local geometrical 
structure of these surface phases, we undertook an x ray standing wave (XSW) 
investigation of the known phases of Sn/Si(OOl). Our results appear to bear out 
the STM hypothesis that the local structure of the various phases is similar. 

For coverages below 0.75 ML, our results are most consistent with the presence 
of Sn-Sn dimers, buckled by about 13”. For this buckling angle, the two Sn atoms 
of the dimer are nearly out of phase from one another with respect to the (004) 
reflection XSW. This manifests itself as a low value of the (004) Sn coherent fraction, 
but a reasonably high (022) S n coherent fraction (see Fig. 1). Above 0.75 ML, the 
(004) coherent fraction increases abruptly, which is due to a sharp change in the 
buckling angle (to < ~10’) and/or to occupancy of the second Sn layer. These 
second layer sites are certain to be populated upon exceeding a monolayer. 

[I] K. Ueda, K. Kinoshita, and M. Mannami, Surf. Sci. 145, 261 (1984). 
Baski, C.F. Quate, and J. Nogami, Phys. Rev. B 44, 11167 (1991). 

[2] A.A. 

Sn Covarago (ML) 

Figure 1. Sn coherent fractions and coherent positions from (004) and (022) XSW 
scans as a function of Sn coverage for Sn/Si(OOl) 

* This work was sponsored by the U. S. Department of Energy, Office of Basic Energy 
Sciences, Division of Materials Sciences, under contract W-31-109-ENG-38, and by the 
NSF under contract to the MRC at Northwestern University. 



1 Surfactant-Mediated Epitnxy of Metastable SnGe Alloys * 1 X15A 1 

Paul F. Lyman (Northwestern U.) and Michael J. Bedayk (Northwestern U. and 
ANL) 

Adsorption and growth of Sn on Ge surfaces represents a highly mismatched 
(~15%) case of IV-IV epitaxy. Stemming from the fact that the diamond-structure 
allotrope of Sn (gray, or a-Sn) is a zero-gap semiconductor, alloys of Sn and Ge are 
predicted to have useful and interesting electronic propertres, such as a direct band 
gap and high carrier mobiities. However! the equilibrium sohd solubiity of Sn in Ge 
is quite low, and metastable alloys are difficult to construct even by MBE methods 
due to rapid segregation of Sn to the growth front. We have begun to explore the 
possibility of employing a surfactant species (i.e., one having a low surface energy 
to kinetically suppress the abiity of the Sn to segregate during Ge overgrowth an d 
to thus construct metastable SnGe multilayers or alloys. 

We undertook an x-ray standing wave (XSW , low-energy electron diffraction 
(LEED), and Auger electron spectroscopy 2 investigation to study the fea- 
sibility of surfactant-mediated epitaxy. 

(AE ) 
By using Bi as a surfactant species, we 

suppressed the segregation mobility of the Sn heterolayer during subsequent Ge 
overgrowth (measured by AES). Fig. 1 depicts the XSW fluorescence modulation 
from the Bi overlayer after various SnGe growths. This renders a direct measure of 
the Bi adsorption height relative to the bulk lattice planes (c.f. table of coherent 
positions in Fig. 1); owing to the larger lattice spacing of Sn, the adsorption height 
is increased upon Sn growth, but remains unchanged (up to a modulus of the lattice 
d-spacing) upon Ge overgrowth. These facts firmly establish that the Bi surfactant 
does indeed segregate to the surface. Furthermore, our XSW measurements reveal 
a well-ordered (>70%) Sn heterolayer after ~20 ML Ge overgrowth in the presence 
of a surfactant. 

Figure 1. 

Structure and Ad-Atom Thermal Vibrational Amplitude for the 
Ga/Si(OOl) Surface * 

X15A 

Yonglin Qian and Michael J. Bedzyk (ANL and Northwestern U.) 

In an earlier study of the structure of the Ga/Si(OOl) surface, we had found that 
Ga adsorbs at room temperature as a dimer, residing above unbroken Si dimers, 

arallel to those dimers [I]. In the present work, we have employed 
harmonic (008) x-ray standing wave (XSW) 

measurements measure the lattice positions and ther- 
on a 0.3 ML Ga/Si(OOl) surface. The 

Ga adatom vibration amplitude along the surface normal direction was thereby de- 
termined to be 0.135 cb 0.01 A. Furthermore, by reducing the uncertainty of the 
vibrational amplitude, this result allows us to determine the Ga ad-dimer bond 
length (measured previously using an (022) reflection) with much higher accuracy 
(2.58 f 0.04 A th 

L 
an in our previous studies. 

.J. Bedzyk S. Tang, A.J. Freeman, and G.E. Franklin, 
b&Z: ZZ?Lett. 73, i52i (1994). 

0 * 4 6 8 10 12 14 
CI-O,$md) 

Figure 1. Experimental data and best fit for the fluorescence yield and reflectivity 
versus 0 for: (a) the (004) reflection and (b) the (008) reflection. 

F * This work was sponsored by the U. S. Department of Energy, Office of Basic Energy 

13 Sciences, Division of Materials Sciences, under contract W-31-109-ENG-38, and by the 
07 NSF under contract to the MRC at Northwestern University. 

* This work was sponsored by the U. S. Department of Energy, Office of Basic Energy 
Sciences, Division of Materials Sciences, under contract W-31-10%ENG-38, and by the 
MRC at Northwestern U., under contract to the NSF. 
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An X-ray Standing Wave Study of Surface Kinetics: Bismuth Ad- 
sorption on Si(OO1) * 

X15A 1 Surfactant-assisted growth of Ge on Si(ll1) ) X15A 1 

Y. Qian (ANL and Northwestern U.), P.F. Lyman, T.-L. Lee (Northwestern U.) 
and M.J. Bedzyk (ANL and Northwestern U.) 

It has been theoretically predicted that the stable 
the Si(OO1 surface is coverage-dependent, with a (1x2 P 

hase for Bi adsorption on 

L 
phase stable at coverages 

0 > 0.5 M , and a (2x2) phase stable for coverages 8 < 0.5 ML [l]. To test these 
predictions, we used the x-ray standing wave (XSW) technique to experimentally 
investigate the temperature- and coverage-dependent surface structure and reaction 
kinetics of Bi adsorption on the Si(OO1) surface. 

We deposited 0.2 ML of Bi on the Si 001)-(2x1) at room temperature. Subse- 
quently, we ac 

? 
uired a series of (004) XS 6 

temperatures Fig. 1). The (1x2) 
measurements after annealing to various 

and (2x2) phases possess markedly different ad- 
sorption heights [l], and so fractional surface phase compositions of the (1x2), (2x2) 
and a disordered phase could be determined from these high resolution measure- 
ments (Fig. 2). The (2x2) Bi ph ase that is predicted to be the low coverage structure 
was found to be a metastable phase. It undergoes an irreversible phase transition 
to the stable (1x2) ph ase upon annealing. The thermal activation energy of 0.4 rt 
0.2 eV and exponential prefactor of 10-l Hz for the (2x2)-to-(1x2 transition were 
determined from the conversion rate at different temperatures. 1 his experiment 
demonstrates a new approach for investigating the kinetics of surface transitions. 

[1] S. Tang and A. J. Freeman, Phys. Rev. B 50, 1701 (1994). 

J.C. Woicik (NIST), P.F. Lyman (Northwestern), and M.J. Bedzyk (Northwestern 
and ANL) 

The x-ray standing wave technique, Auger-electron spectroscopy, and low-energy 
electron diffraction have been applied to the study of Bi surfactant-assisted growth 
of Ge on Si(ll1). The original Bi-terminated Si(ll1) surface is found to exhibit a 
fix fiB.30 LEED pattern, and the Bi position, 0.9’7 d Si ill), corresponds to 
the sum of the Bi and Si covalent radii for Bi atoms ! direct y atop the Si atoms 
of the first Si layer. Upon submonolayer deposition of Ge, the Bi adatoms are 
displaced up to the surface, and Ge grows on the Si surface as a coherent, strained 
double layer. The Bi segregation is evidenced by an increase in the Bi adsorption 
height., as measured by XSW, and the fact that there is no reduction in Bi Auger 
intensity or change in the LEED pattern. Evidence for the Ge double layer are the 
measured Ge coherent fraction (F = 0.64) and position (P = 1.08). In contrast, the 
expected parameters for an unstrained perfect crystalline Ge double layer having 
the Ge lattice parameter would be F = 0.71 and P = 1.04, respectively. 

: (b) 

- Disordered Bi 

Figure 1. A series of (004) XSW 
surements after isochronal anneals. 300 400 500 600 700 

Annealing Temperature (K) 
* This work was sponsored in part by the 

US DOE, BES-DMS, under contract W-31- 
Figure 2. Derived fractional phase com- 

109-ENG-38 and by the MRC at Northwest- 
positions of Bi vs. annealing tempera- 

em U under contract to the NSF. 
ture 
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Quantifying Zn Doping in InGaAsP/InP Laser Structures 

L. Niu,B. F. Karlicek, and P. H. Citrin (AT&T Bell Laboratories) 

X15B 

Precise control of dopant concentrations, which is generally important in fabri- 
cating semiconductor devices, is particularly critical for Zn-doped InGaAsP/InP 
laser structures operating in the 1.3 - 1.5 pm range. Too much Zn (typically 
1 2xlO’satoms/cc) leads to excessive diffusion into the active layer, increasing 
lasing thresholds and reducing efficiency, while too little Zn causes carrier leakage 
around that layer, degrading its high temperature performance. Such low doping 
levels and tight tolerances require highly sensitive and precise diagnostics, character- 
istics well matched to the conventionally used technique of SIMS. Using improved 
fluorescence detection capabilities, we have applied NEXAFS to a variety of Zn- 
doped InP structures and shown that this approach provides substantially higher 
precision than SIMS and has the additional benefit of being non-destructive. We 
have also established that there is a well-defined concentration regime in which sub- 
stitutional occupation of Zn is linearly proportional to Zn exposure. Apart from 
determining more reliable growth parameters in the fabrication of these high perfor- 
mance diode lasers, our findings demonstrate the general utility of x-ray absorption 
spectroscopy for non-destructive quantification of dilute dopants in semiconductors. 

X-ray Absorption from Pb-modified Fluoride Glasses 1 X15B 1 

L. Niu, A. R. Kortan, and P. H. Citrin (AT&T Bell Laboratories) 

ZBLAN fluoride glasses (Zr/Ba/La/Al/Na), with theoretical ultra-low optical 
losses at near-infrared wavelengths, suggest potential applications in optical fibers 
and in hosts for optical lasers and amplifiers. After two decades of study, however, 
there is very limited structural understanding of these materials. Useful applications 
demand an adjustable range of refractive indices, which are obtained by partial sub- 
stitution of some of the elements of ZBLAN. Lead is the most popular substituent 
for Ba, but above critical Pb concentrations the stability of the glass significantly 
decreases. To understand this phenomenon, ZBLAN glasses have been studied using 
NEXAFS and EXAFS. It was found that only at Ba sites and only under unstable 
glass conditions (i.e., high Pb concentrations) are structural and electronic changes 
observed. These changes indicate that the glass stability is almost exclusively re- 
lated to the local structure of the Ba atoms, which are believed to modify the glass 
by randomly occupying the interstitial sites of the ZrF,-polyhedra network, thereby 
increasing the corner sharing with respect to edge sharing. 



1 Structural Characterization of Cr 4+-YAG Crystals Lasing at 1.5 pm X15B 1 Size and Composition of Luminescent Oxidized Si Nanocrystals 1 X15B 1 

L. Niu, L. F. Schneemeyer, T. D. Harris, and P. H. Citrin (AT&T Bell Laboratories) S. Schuppler, L. E. Brus, and P. H. Citrin (AT&T Bell Laboratories) 

A new laser material, Cr 4t-YsA1sOrs., has been studied as a potential source for 
optical communications at 1.5 pm. Sohd-state lasers typically offer advantages of 
reliability, noise, and cost. The novelty and challenge of this material lies in over- 
coming the natural tendency of dopant Cr3+ ions to substitute both tetrahedral and 
octahedral A13+ sites and favor instead, using co-dopants such as Cazt for charge 
compensation, substituting optically active Cr4+ ions on only A13+ tetrahedral sites. 
Optimization of crystal growth parameters for achieving this is made difficult by 
the lack of suitable structural characterization methods. Chromium and calcium 
K-edge EXAFS experiments have been used to identify the concentration of Cr4+, 
Cr3+, and Cazt in different environments as a function of various growth parame- 
ters. Preliminary results have already ruled out the role of several parameters that 
had been believed to be significant. 

The study of nanosized systems is of growing interest, particularly in materials 
involving Si because of their potential applications to optoelectronic technology. 
As part of a broad program to identify and characterize the visibly luminescent 
species in anodically grown (H-passivated) porous Si, we have investigated size- 
selected fractions of luminescent Si nanocrystals prepared from pyrolysis of disilane 
with subsequent oxidation in Oz. The optical and structural properties of these 
nanocrystals, ox-Si,, made them ideal model systems for studying luminescence 
activity because of their chemical inertness due to the outer oxide shell) and their 
simple spherical shape (determined from T B M imaging). However, since particles 
luminescing in the visible region with outer diameters 5 30 8, are beyond imaging 
or diffraction capabilities for determining internal structure and composition, x-ray 
absorption measurements were required. We obtained Si K-edge NEXAFS data 
from four size-selected groups of ox-Si, particles with mean outer diameters of 
96, 45, 33, and 26 A. In each group a small but discernible feature was observed 
approximately midway between the well-separated (- 7 eV) absorption edges of 
the Si, and SiOz components, corresponding to incompletely oxidized Si at the Si,- 
SiOs interface. From the relative edge jumps and densities of the three components 
and from the outer diameters of the spherical particles, the mean inner diameters 
of the Si, cores and thicknesses of the interfacial SiO, and outer SiOz layers were 
determined. The outer diameters varied a factor of 4 and the corresponding core 
diameters of 78, 31, 1’7, and 11 A varied a factor of 7, but the SiOz- and SiO,-layer 
thicknesses of 6.5 and 1.5 A remained remarkably constant. These findings, coupled 
with the varying luminescent energies of the different sized particles, convincingly 
ruled out earlier suggestions that either SiOz or SiO, is the optically active species. 
Instead, our results showed that it is the inner Si, cores which are responsible for 
the optical activity. The dimensions of these cores and the strong similarity of 
their luminescent behavior to that observed in a series of porous Si samples proved 
essential in characterizing these latter heterogeneous and more chemically reactive 
materials. 

- 



Cation Charge State and Local Structure in the Rare-earth Fulleride X15B 

Yb2.dko I I 

Identifying Point Defects in Si-doped GaAs using NEXAFS and EX- X15B 
AFS I I 

S. Schuppler (AT&T Bell Labs), E. Ozdas (Hacettepe U.), K. B. Lyons, A. R. 
Kortan, and P. H. Citrin (AT&T Bell Labs) 

Recently discovered electron-donor intercalated C~,J fulleride compounds have re- 
ceived much attention because of their extraordinary physical properties, Most no- 
tably, record high superconducting temperatures for organic systems have been ob- 
served in alkali-metal fullerides, prompting exploration for other elements as donors. 
Superconductivity has so far been demonstrated in monovalent alkali-metal donor 
compounds (K, Rb, Cs) s C se and divalent alkaline-earth donor compounds CasCee 
and (Sr, Ba)sCso. Expanding the search to the predominantly trivalent rare-earth 

G 
RE) metals has resulted in only one reported case of successful donor intercalation, 
bz.rsC.30, which becomes superconducting below 6 K. 
We have obtained NEXAFS measurements from the single-phase form of this 

rare-earth fulleride which indicate that the cation is exclusively divslent. EXAFS 
data have also been obtained which show that there exists strong local ordering of 
the surrounding Cse molecules. Two well-defined average Yb-C nearest-neighbor 
distances separated by 0.16 & 0.03 A were observed, corresponding to the Yb(I1) 
cations occupying off-centered octahedral and tetrahedral interstices of the f.c.c. 
Cse sublattice. Heating Yb?.?sCse above 6’70” C was shown to produce an amor- 
phous carbidic phase contammg Yb(II1). 0 ur results, combined with thermody- 
namic arguments and analogues in organometallic compounds, have been used to 
explain the observed single-crystal structure of Ybs.rs C&e and to infer expectations 
for forming fullerides with other RE metals. 

S. Schuppler, L. N. PfeifIer, K. W. West, and P. H. Citrin (AT&T Bell Laboratories) 

The problem of electrical deactivation, i.e., the decrease (trapping) of active 
carriers due to defects with increasing donor concentration, is encountered in all 
semiconductors, but it is particularly severe in GaAs highly doped with Si, its most 
common n-type dopant. Amphoteric Si can occupy both n-type Ga sites (Sio.) and 
p-type As sites (SiA.), so the electrical deactivation has generally been attributed to 
acceptor-Si atoms trapping free-electron carriers. Using NEXAFS data to measure 
directly the upper limit concentration of Si atoms occupying such p-type As sites, 
we showed last year that only about half of the observed electrical inactivity was 
due to this autocompensation mechanism. Identification of the dominant defects 
responsible for the additionally missing carriers was made this year using EXAFS. 
Analysis of data obtained from Si,Ger-, model systems (z = 0.03, 0.20, and 0.50) 
and comparison with data from highly Si-doped GaAs revealed a comparatively 
large number of both neutral Sic+&-Sins dimers and small Si, clusters. The relative 
concentrations of these two point defects, along with the two monomer defects Si& 
and SiAs, were found to depend on the total Si doping level and the orientation of 
the GaAs surface during growth. 



F i Diffraction study of an etched InP grating 1 X16A 

K.Evans-Lutterodt (AT&T) and P. Imperatori (ICMAT-CNR) 

Many interesting structures are manufactured with features on the mesoscopic 
length scale, and cannot be characterized by standard, non-destructive optical tech- 
niques, due to wavelength limitations of the optical probes. Diffraction techniques 
may be useful, if the structure is periodic, and if the coherence length of the diffrac- 
tometer exceeds the period sufficiently. Diffraction techniques measure statistical 
properties of the sample, which may some times be the parameters of interest. 

We have studied a lithographically etched array of lines on the (100 
an InP crystal. Shown are scans near the (4,-4,2) Bragg peak. Scans a, b 

suupraroef 

at L=2.00, 1.99 and 1.98 respectively. 
Two features are apparent. The period of the grating corresponds to the os- 

cillations visible at L=1.99 and 1.98. However it is clear, particularly at L=1.98, 
that there are two broad additional side lobes. B monitoring these side lobes as a 
function of L, we have identified these as due to 111) facets. Our interpretation is 

T that the sidewall of the grating is not perpendicu ar to the interface as it would be 
in a square wave, but the sidewalls are (111) facets corresponding to a truncated 
sawtooth shape for the grating. 

Ii h1.u) I 

Figure 1. Diffracted intensity as function of H, for constant L. 

Structural study of the ZnSe/GaAs interface X16A 

P. Imperatori (ICMAT-CNR, Italy), K. Evans-Lutterodt (AT&T Bell Labs.) and 
R. Felici (ISM-CNR, Italy) 

Heterovalent semiconductor heterojunctions such as ZnSe/GaAs present a re- 
markable correlation between the interface composition in the early growth stage 
and the final value of the valence band offset. In order to better understand this 
correlation, an x-ray diffraction study of the ZnSe/GaAs interface was performed. 
We investigated a set of samples grown by molecular beam epitaxy, with a different 
Zn/Se beam pressure ratio (O.l,l and 10 respectively and having the same thick- 
ness (50 A). For each sample we measured the tryst al truncation rod scattering at 
different photon energies, just above and below the k-edges of Zn, Ga, As and Se, in 
order to change the atomic scattering factors and better separate the contribution 
of each element to the atomic structure of the interface. Figure 1 shows one of the 
measured rod at two different energies. We also looked for reconstructions peaks 
at the interface, due to the presence of possible (Ga,Se) inter-facial compounds, 
but no evidence of such peaks was found. Data analysis to determine the atomic 
arrangement at the interface is currently underway. 

1 [r.l.u] 

Figure 1. Intensities of the (OOL) rod for incident photon energies below (solid line) 
and above (dashed line) the Zn k-edge. 



Sb/Si(lll)-(d3xd3)R30° structure determination X16A 

Chinkyo Kim, D.A. Walko, I.K. Robinson (University of Illinois at Urbana- 
Champaign) 

Many metals form 43x,/3 structures when evaporated onto Si(ll1). However, 
the column-V metal As has been shown to produce a (1x1) structure by simply 
replacing the first layer of Si atoms. Since Sb is also m column-V, it might be 
expected to show the same structure on Si(ll1 
and other studies have shown the evidence that 2 

as that induced by As. STM 

instead. 
b gives a clear d3xJ3 structure 

In this experiment, we measured fractional order in-plane peaks of the d3xd3- 
Sb/Si(lll) to get Patterson function shown in Fig 1. The peaks in this function are 
predominantly Sb-Sb interatomic vectors in the structure. The 6 peaks are consis- 
tent with the “milk stool” trimer model shown in Fig 2, and are clearly inconsistent 
with the T4 adatom structure seen for Al, Ga, In, Pb or with the trimer structure 
seen for Ag, Au. 

0 Si l Sb 

P 
t; 

Figure 1. Patterson function of ,/3xd3- Figure 2. Milk stool trimer model of 
Sb/Si(lll) d3xd3-Sb/Si(lll) 

CL 

Growth of Cu Islands on Cu(ll0) * X16A 

D.A. Walko, K.L. Whiteaker, and I.K. Robinson (University of Illinois, Urbana) 

The size and shape of submonolayer islands grown on crystalline surfaces are 
ultimately determined by the abiity of adatoms to diffuse across the surface. We 
have studied the diffuse scattering from one-half monolayer (ML) of Cu on Cu(ll0) 
for various substrate temperatures and deposition rates. On this anisotropic surface, 
the islands will be needle-shaped, with the needles 
diffuse scattering is thus concentrated in the [OOl P 

ointing in the [ii01 direction; the 
direction. Diffuse intensity was 

measured across a crystal truncation rod (CTR) at q1 = 0.2 A-‘, approximately 
halfway between two Bragg peaks for maximum surface sensitivity. 

Fig. 1 shows data (circles) for deposition rate 4.7~10~~ ML/s and substrate 
temperature 218 K. The solid line is an empirical fit to the data, namely, the CTR 
at h = 0 is modeled as a Gaussian and the diffuse scattering as a series of six 
Lorentzians centered at cbh,, f2h,, and cb3h,. All Lorentzians have the same half- 
width; their height decreases with increasing Ihl. The reciprocal of h, corresponds 
to the characteristic length scale of the islands (namely, the widths of the needles 
in units of atomic positions). 

Fig. 2 plots the temperature dependence of the characteristic length l/h, (cir- 
cles). Linear regression (solid line) determines a slope of 0.2’7f0.01 eV. This slope 
is proportional to an actrvation energy of diffusion. Note that the data level off for 
T < 213 K, on the right side of the figure. Below this temperature, diffusion may 
be effectively frozen out. Evaluation of data for varying deposition rates and the 
relation to the activation energy of diffusion is in progress. 

Figure 1. Transverse scan of Cu(ll0) 
CTR with 0.5 ML of Cu deposited at T 
= 218 K. 

* Supported by NSF DMR 93-15691 

Figure 2. Arrhenius plot of fitting pa- 
rameter h,. Each measurement corre- 
sponds to a separate deposition of 0.5 
ML at a flux of z 4~10~~ ML/s. 

. 



Development of local structure in sol-gel derived lead zirconate ti- X16C 
tanate thin layers * 

D.L. Adler, S.S. Sengupta and D.A. Payne (Univ. of Illinois, Urbana) 

EXAFS analysis was carried out to determine the evolution of local structure in 
lead zirconate titanate (PZT) thin layers prepared by a sol-gel technique. Earlier 
results obtained for partially heat-treated below 
presence of separate Ti-0-Ti, Zr-0-Zr and II 

5OO’C) bulk gels indicated the 
b-0-Pb networks. 

In the present study, thin layers of were spin-coated on polycrystalline alumina 
substrates and initially heat-treated to 3OO“C to remove organics. The amorphous 
coatings were then sequentially heat-treated to various temperatures between 400- 
625“C for EXAFS analysis. As expected, the first nearest neighbor for all metal 
cations was oxygen. For lead titanate (PT), a clear and definite change in second 
shell coordination was evident upon heat-treatment: between 45O’C and 5OO“C, the 
cation distribution in the second shell of Ti changed abruptly from nearly all Ti to 
mostly Pb, with a corresponding increase in the bond distance. Evolution to A-O-B 
type bondmg, representative of the basic perovskite building block, was complete by 
55O“C. The third shell, however, showed a lack of order even at 55O“C, suggesting 
that the characteristic long-range order of the crystalline phase had not fully devel- 
oped., and required further heat treatment. Fig. 1 compares the magnitudes of the 
Fourrer transform for experimental Ti K-edge data at two different temperatures, 
with previously obtained results for amorphous bulk gels (heat-treated at 375’C) 
and crystalline PT. In contrast to PT, the PZT70/30 and lead zirconate (PZ) spec- 
imens did not show a sharp change in second neighbor coordination during heat 
treatment up to 625’C. Further analysis is in progress. 

* This work was supported by the Dept. of Energy under Contract No. DEFG02- 
91ER.45439. 

( Superstructure peaks in lead magnesium niobate (PMN) (X16C 1 

D. Fanning, D. Adler, I. Robinson (U. of Illinois) 

A single crystal sample of lead magnesium niobate PMN) was studied on the 
X16C beamline. PMN is a ferroelectric “relaxor,” 6 exhi iting a broad ferroelectric 
to paraelectric phase transition near room temperature. Relaxors are also charac- 
terized by their high dielectric constants and frequency dependent behavior. PMN 
has the general perovskite structure (a=4.04 A) with Pb on the corner, 3 0 atoms 
on the faces and a random distribution of Mg and Nb ions (in a 2:l ratio) on the 
body centered site. 

The sample was found to have well formed superstructure peaks of type (h+1/2, 
k+1/2,1+1/2) (h,k,l integers) which had widths on the order of 0.01 A-’ indicating 
a domain size around 100 A. Electron diffraction experiments have shown that this 
domain size is not affected by annealing or preparation technique. Hence, it is not 
certain whether these domains are related to PMN’s ferroelectric behavior. 

Radial scans were made through many half-order peaks, and their integrated 
intensities were calculated. Figure 1 is a plot of IFI vs. lql for superstructure 
reflections of one set of data at room temperature. 

Superstructure reflections of the 
type (h+1/2,k+1/2,1+1/2) 

1 

0 2 4 6 6 10 12 

Momentum transfer, [ql ,(A-‘) 

Figure 1. 



1 Equation of State on MgA1204 Spine1 1 X17Bl 

G. L. Chen, J. I. Ando, Y. B. Wang, and D. J. Weidner (CHiPR, USB) 

Magnesium aluminate spine1 MgAlz 04 is an analogue member of the spinel phase 
of (Mg,Fe)zSiO+ which is one of the major contituents of the 400-6'70 km transition 
zone of the Earth’s mantle. 

The thermoelastic properties of the spine1 family are of particular importance in 
understanding the mineral physics of the transition zone region. Ultrasonic mea- 
surements on the MgAl204 spine1 suggested that there is a pronounced curvature 
in the bulk modulus at pressures around 10 GPa at ambient conditions. 

We have, using synchrotron x-radiation, determined the cell volumes of the cubic 
MgAlz04 spine1 to a pressure of ~10 GPa and a temperature of 12OO’C. Seven P-T 
cycles were used to cover the P-T space of the measurements. The measurements 
were taken along the isotherms (1200°C, lOOO’C, 800°C, 6OO”C, 400°C, 200°C, 
and 35’C - ambient temperature). The temperature was controlled to within 
two degrees during the measurements. 
Murnaghan equation of state (EOS) 

The high-temperature form of the Birch- 
was used to fit the complete data set. 

While the majority of the data can be fit well, there are deviations of the ambient 
temperature data at low pressures from the fit. More intriguingly, the ambient 
cell volume measured before the experiment is lower than the calculated volume 
at the ambient conditions. Unfortunately, the ambient cell volume was not re- 
measured upon the completion of the run and therefore, we do not have information 
on whether the sample has been irreversibly alterred during the P-T runs. TEM 
work is underway to provide clues to this question. 

The results of the Birch-Murnaghan EOS fit are: Vo = 528A'; Ko = 182 GPa; 
$$ = -0.0257 GPa/K; as = 1.77 x lo-’ K-l; $ = 1.18 x lo-* K-‘. 

-- 
0 1 2 3 4 6 6 7 6 9 10 

Pressure in GPa 

46 

Figure 1. Unit cell volume of MgAlz04 spine1 as a function of pressure for several 

i 

temperatures. Line is the fit to data using the high temperature Birch-Murnaghan 
equation of state, and the parameters listed above. 

In-situ diffraction study of the cation distribution in the olivine 
solid solution of Ni#iOa and MgzSiO4 at high pressure X17Bl 

J. H. Chen, R. Li, J. B. Parise, D. J. Weidner, Y. B. Wang, M. T. Vaughan, P. J. 
Schields (CHiPR, USB) and J. Kung (Australian National University) 

While the temperature dependence of cation distribution in minerals has been a 
subject of study in recent decades, little is known of the pressure dependence of this 
phenomenon. However, the order 
conditions under which a miner ai 

disorder state reflects the pressure-temperature 
forms. The recently established high-pressure 

two-dimensional diffraction system at SAM85 at the X17Bl beamline allows the 
acquisition of quantitative diffraction data while maintaining the sample at high 
pressures and temperatures. We have begun to study the cation distribution of the 
olivine solid solution NisSi04 and MgzSiO4 with this diffraction system. 

The structure of Ni-Mg olivine (Pbnm) contains two different octahedral sites Ml 
and M2. The studies at high temperature and ambient pressure confirm the pref- 
erence of Nizt to the smaller site, Ml. The preference decreases with temperature. 
There is no pressure dependence study at this time. 

The sample we used in this study is 1:l Ni-Mg olivine which is synthesized by 
solid reaction at 15OO’C and atmospheric pressure. The synthetic olivine was hot 
pressed to form a stress free chunk. Before loading in a high pressure cell, the 
sample was annealed at 8OO’C for 36 hours in an oven and then quenched by 
dropping into liquid nitrogen. Diffraction patterns were taken at two pressures 

b 
3GPa and 4GPa) and several temperatures (SOO’C to 1000°C in 1OO’C steps). 
hree patterns were taken at each P-T condition to investigate the kinetic effect of 

the cation distribution. Rietveld refinements were carried out with the diffraction 
data. Preliminary analysis shows the pressure effect is to increase the distribution 
coefficient Kd: 

Kd = (NJPfS)Ml 
(Ni/Mg)bfz 

i.e. to order the cation distribution. The temperature effect under pressure is the 
same as that at room pressure, i.e. to decrease the distribution coefficient Kd, 
These investigations also show that the rate of cation redistribution between the 
Ml and M2 sites is very fast at high pressure and temperature. 



Effect of Pressure on Cation Distributions in Nickel Aluminate 
Spine1 (NiA1204) X17Bl 

J. H. Chen, J. B. Parise, D. J. Weidner, R. Li, Y. B. Wang and M. T. Vaughan 
(SUNY, Stony Brook) 

The effect of pressure on cation distribution of Ni2+ and Al”’ in nickel alumi- 
nate spine1 (NiAlz04 has been studied by in-sitzl high-pressure x-ray diffraction 
with SAM85 at the 22 -17Bl beamline with a recently established two dimensional 
diffraction system’. 

The cation distribution in NiAlz04 spine1 is expressed by: 
(Nil-,A1,)141(Ni,A1z-,)16104 where [4] 

tahedral sites, and z represents the degree 
and [6] represent the tetrahedral and oc- 
of inversion. The diffraction patterns of 

NiAls04 spine1 were taken at room pressure and at 7.6 GPa after quenching from 
8OO’C. Structure refinement shows that the z value increases from 0.857 at room 
pressure to 0.914 at 7.6 GPa. The cation distribution of Ni2+ and A13+ tends to 
more ordered 

The effect o I 
inverse) under pressure. 
pressure or temperature on the cation distribution in spine1 is mainly 

dependent on a characteristic volume AV 
the cation distribution tends to more disor 6 

V&,epJe - Kormal). If AV is positive, 
ered for inverse spine1 and ordered for 

normal spine1 under pressure. If AV is negative, the cation distribution tends to 
more ordered for inverse spine1 and disordered for normal spine1 under pressure. 
Temperature gives the reverse effect: NiAlz04 spine1 has a negative AV and the z 
value of NiAlz04 spine1 tends to decrease when the temperature is increased.2l3 

References: 
‘Jiuhua Chen, Donald J. Weidner, Michael T. Vaughan, 

John B. Parise and Rui Li, AGU 1995 Spring Meeting (M32A-09). 
2Robert Hazen and Alex Navrotsky, Am. Min. to be published. 
3Jeanette Roelofsen, et al., Am. Min. 77, 522 (1992). 

Quantitative x-ray diffraction with an imaging plate at high pres- X17B1 
sure and temperature 

J. H. Chen, D. J. Weidner, M. T. Vaughan, R. Li, J. B. Parise, and Y. B. Wang 
(Center for High Pressure Research, University at Stony Brook) 

Crystal structure determinations of high pressure phases of minerals and structure 
refinements of minerals as a function of pressure and temperature require quanti- 
tative measurements of diffraction peak intensities. Energy dispersive diffraction 
(EDD) methods are widely applied to a large volume press for experimental con- 
venience. However, with these methods it is difficult to derive reliable diffraction 
intensities due to uncertainty in the spectrum of the incident radiation and dif- 
ficulty in making precise corrections for absorption by the pressure medium and 
other surroundin 
diffraction ADD 

materials. To get quantitative diffraction data, angle dispersive 

beamline, h 
7 using monochromatic radiation is more reliable. At the X17Bl 

t e Stony Brook group has set up an EDD system with the large volume 
press SAM85. With this apparatus, we have established an ADD system with a 
highly sensitive area detector imagmg plate (IP . 
is adopted in the system and the radiation can k 

A Laue-Bragg monochromator 
e easily switched between white 

and monochromatic mode by moving the beam stop at the downstream side of the 
monochromator. Orientation of the IP is aligned by taking full Debye rings on the 
plate, and the inclination is corrected by the relation 

Yi = ;Y2z+d 

where f is the inclination angle, d the center offset, Yr = “‘y”- and Yz = “‘z”- . 
A double cassette holder is adopted. Sample-to-IP distance is derived from the dou- 
ble exposures. Diffraction intensities are obtained by integrating the diffraction arcs 
recorded on the IP. The observed data are processed by the General Structure Anal- 
ysis System (GSAS) p ro g ram for the structure refinement. Quantitative diffraction 
data on NiAlz04 spine1 and the olivine solid solution of NizSiOa and MgzSiO4 have 
been collected at high pressure and temperature to study the cation distribution in 
the crystals as function of pressure and temperature. 

c 
. 



AgI/Ag#eOa: a glassy and crystalline fast ion conductor. Deter- X17B1 

, 
mination whether AgI containing glasses have a biphasic structure -- I I I I 

C. Cramer, D.L. Price, M.-L. Saboungi (ANL), and S.W. Martin (Iowa State 
University) 

AgI-containing glasses are fast ion conductors showing tremendous dc conduc- 
tivities reaching values of about lo-’ G-‘crn-’ at room temperature. So far, a lot 
of work has been done to link the high ionic conductivity to structural features of 
these glasses. A crucial question is how the AgI enters the glass network. There 
has been debate whether or not this sort of glasses contain a biphasic structure 
forming AgI rich regions within the glassy matrix. Whereas normal x-ray and neu- 
tron diffraction techniques just yield the total structure factor including all kinds 
of correlations, anomalous x-ray diffraction (AXD) can determine structure factors 
due to specific elements. 

On X17Bl we performed AXD ex 
Q 

eriments 
(xAg1. (1 - x)AgsSe04 and xAg1. l- 

on two sorts of AgI containing glasses 
x)AgPOs) of various compositions, looking 

at the K-absorption edges of Ag and I. The investigated Q-range covered 0.5 A-’ 
to 15 A-‘. Especially, we obtained the differential structure factors AS*,(Q) and 
ASr(Q 
silver 2 

of 0.4AgI. 0.6AgPOs from diffraction data taken near and far beyond the 
25.486 keV, 25.224 keV) and the iodine K-absorption edges (33.313 keV, 

32.836 keV). 
Based on Reverse Monte Carlo Simulations BGrjesson et al. [1,2] have calculated 

partial structure factors for an AgI phosphate glass of similar composition. It turns 
out that the differential structure factors we get can be constructed by superimpos- 
ing Bijrjesson et al.‘s calculated partial structure factors of the relevant elements. 
The differential structure factor AS*s(Q) is strongly dominated by Ag-Ag and Ag-I 
correlations (the weight of Ag-P and Ag-0 correlations are much smaller). By com- 
paring our data with B6rjesson et al’s results, we can conclude that a minimum 
at about 0.7 A-r is due to Ag-I correlations, a maximum at about 1 A-’ and a 
minimum at about 2 A-’ are due to both Ag-Ag and Ag-I correlations. For the 
differential structure factor A&(Q) we find that a minimum at 1 A-’ is due to I-P 
and I-O correlations and a maximum at 2 8-l to I-P and I-I correlations. These 
results can be taken as experimental confirmation of BGrjesson at al’s computer 
simulations, indicating that - although there might be conducting pathways of AgI 
- there is no hint of the formation of so-called “AgI clusters” or “AgI microdomains” 
with a crystal like structure. 

[l] L. BGrjessen, W.S. Howells, Solid State Ionics 40/41, 702 (1990) 
[2] L. B&jesson, R.L. MC. Greevy, J. Wicks, Journal de Physique III, Vol. 22, 

gt c2-109(1992) 

X-ray microbeam pseudotherapy vs. therapy using two cross-fired X17B1 
arrays through normal vs. tumor-bearing rat brains * 

F.A. Dilmanian, D.N. Slatkin, X.Y. Wu (Medical Dept., BNL); J.-O. Gebbers (Can- 
tonal Hospital, Lucerne, Switzerland); J.A. Laissue (University of Bern, Switzer- 
land); P. Spanne (ESRF, Grenoble, France) 

Microplanar (microbeam) radiation therapy (MRT) [l] research with the X1’7Bl 
beam filtered through 0.25 mm Gd has shown a substantial tissue-sparing effect to 
1250 Gy when rat brains are irradiated unidirectionally in many (5 100) parallel 
slices, each 5 47 pm wide and < 12 mm high, with 75-200 pm spacing on center [2,3]. 
It is postulated that this effects from the survival of endothelial and, perhaps, other 
cells between individual slices, which later divide and replace lethally irradiated 
cells. This enables MRT when a target is crossfired. In a pseudotherapy experiment 
matching a therapy experiment [3], Fischer 344 rats were irradiated prone with right 
anteroposterior and lateral arrays at entrance absorbed doses of 625 Gy or 312 Gy; 
the slices were 27 pm wide and 12 mm high; 
on center. In the therapy experiment [3]*, 

each array had 100 slices, 100 pm 
similar rats with II 40 mg, imminently 

(E 7 d) lethal, right intrastriatal 9L ghosarcomas were irradiated 14 days after 
tumor initiation. 

There were eight rats in each of the 625- and 312-Gy pseudotherapy groups. 
Fig. 1 shows the survival histograms of the former and those of similar therapy 
groups. All 312-Gy normal rats survived > 60 d. Necropsies show that, although 
tumor (if any 

1 
and brain tissues are ablated in most 625 Gy-crossfired rats, those 

tissues are ab ated only in N l/2 of 312 Gy-crossfired rats. Crossfiring with 625 
Gy leads to longer survivals of tumor-bearing than of normal rats, perhaps because 
the tumor shifts vital midline structures leftward. The reverse survival pattern 
is observed after the 312 Gy irradiations, apparently because of N 50% failure in 
tumor control. 
[I] D.N. Slatkin, P. Spanne, F.A. Dilmanian, and M. Sandborg, Med. Phys. 19, 
1395-1400, 1992. 
[2] D.N. Slatkin, P. Spanne, F.A. Dilmanian, J.-O. Gebbers, and J.A. Laissue, Proc. 
Natl. Acad. Sci. USA 92, 8783-8787, 1995. 
[3] D.N. Slatkin, F.A. Dilmanian, M.M. Nawrocky, P. Spanne, J.-O. Gebbers, D.W. 
Archer, and J.A. Laissue, Rev. Sci. Instrum. 65, 1495-1460, 1995. 
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Figure 1. Survival histograms, irradiation on day 0: a) unirradiated, tumor; b)625 
Gy, normal; c) 312 Gy, tumor; d) 625 Gy, tumor. 

* We thank N.F. Gmiir, M. Kershaw and B. Ren for assistance. Research supported by 
the Office of Health and Environmental Research, U.S. DOE. 



F 
ii Simultaneous Resistivity and In-situ X-ray Determination of Phase 

Transitions in Bismuth in a Multi Anvil Apparatus * 
X17Bl 

L. M. Flesch, J. E. Urish, G. D. G wanmesia, and R. C. Liebermann (CHiPR, 
University at Stony Brook) 

Pilot experiments were conducted to determine the optimum pressure-time path 
for detecting transitions in bismuth up to pressures of 8 GPa using resistivity mea- 
surements in conjunction with x-ray determinations of cell pressure. All experiments 
were performed in a DIA-type, cubic anvil high-pressure apparatus (SAM-85) at 
room temperature. 

Phase transitions were detected from changes in the resistance of the bismuth, 
and pressure was determined using NaCl as a standard according to the Decker 
scale. The cell assembly consists of two half-cubes of boron-epoxy; inside each half- 
cube is a cylindrical hole filled with a layer of AgCl on the top of a layer of NaCl and 
polyethylene (2:l weight ratio . 
in the middle of the sandwic h 

The thin 100 micrometers) bismuth wire is placed 
produced 6 y the two half-cubes and connected to 

the constant current (10 mA) power source via platinum strips. The polyethylene 
serves to minimize the deviatoric stress in the NaCl layer during compression at 
room temperature. 

+ Gmmw 

lunml Boron-epoxy cube EJj NaWPolyethylene prcssurc standard 

AgCl pressure medium 

_ Bismuth wire 

- Platinum strip 

Figure 1. Cell assembly used in bismuth calibration experiments. 

* This work was supported by the National Science Foundation under a grant to the 
Center for High Pressure Research 

In situ high-pressure X-ray diffraction study of FeSi 1 X17Bl 

F. Guyot (IPGP, Paris), J. Zhang (CHiPR, USB), I. Martinez (ENS Lyon, France) 

Silicon has been proposed to be an important alloying element in the outer core 
of the Earth. In order to discuss the possibility of silicon incorporation during 
the formation of the core, high-pressure high-temperature properties of iron-silicon 
alloys are needed. 

In this study, we measured the molar volumes of synthetic iron silicide FeSi in situ 
at high pressure and temoerature in the DIA tvoe multi-anvil anoaratus (SAM85) 
instaned at the superconducting wiggler X17B beamline. The samples were studied 
up to 10 GPa and 1100 K by energy dispersive powder X-ray diffraction. Sodium 
chloride was used as a pressure standard; temperatures were measured with a ther- 
mocouple, and nonhydrostatic stress components in the cell were evaluated from the 
NaCl spectra following the method of Weidner et al. (1992). Deviatoric stresses 
were annealed out by heating samples at temperatures exceeding 1000 K. Then, 
spectra taken on cooling were used to extract quantitative equation of state data. 
In this study, special attention has been paid to collect a sufficient number of data 
points on each isotherm (20 at 300 K, 8 at 673 K, 873 K, and 1073 K). 

The following parameters have been obtained by fitting on a second order Birch- 
Murnaghan equation of state: Ks = 172(3) GPa; 

$$ = -0.0043(8) GPa/K; and OL = 5.1(4) x 10-s K-’ (average value between 
300 K and 1100 K). These parameters are now in the process of being included in 
models of the formation of the Earth in order to estimate the silicon content in the 
core correponding to the various differentiation schemes proposed. 
Reference: D. J. Weidner, M. T. Vaughan, and Y. B. Wang, in High Pressure 

Research, ed. by Syono and Manghnani, TERRAPUB/AGU, pp 13-17, 1992 

. - . 



Equation of state of stishovite t X17BlI 
J. Liu, G. Chen, and IL. C. Liebermann (CHiPR and USB) 

Stishovite, a high-pressure polymorph of silica with the rutile structure, has been 
the subject of much research because it is a candidate component for the mantle 
of the earth. As such, its elastic and thermodynamic properties are important for 
interpretations of seismic observations and for modelling the phase equilibria in 
stishovite-bearing phase assemblages at high pressures and temperatures. Previous 
acoustic studies have constrained the bulk modulus Kc and its pressure derivative 
K,& However, little is known about its equations of state at simultaneous high 
pressure and temperature. 

The purpose of this study is to determine the P - V - T behavior of stishovite 
within its P-T stability field using a DIA-type, cubic-anvil apparatus (SAM 85) and 
in sitv x-ray diffraction techniques on the Xl7B superconducting wiggler beamline 
at NSLS. In this beam time, we successfully obtained P - V-T data for stishovite 
in the temperature range from 30°C to 1lOO’C and pressures from 1 bar to 11 
GPa. Analyses of the data show that pressure environment of the sample during 
the experiment is near hydrostatic (deviatoric stress was lower than 0.4 Kbar at all 
pressures and temperatures). 

We are currently modelling these data to determine the temperature derivative 
of the bulk modulus. 

Characterizing the unit-cell volume of talc as a function of pressure 
and temperature * 

X17B1 

I I I 
P. J. Schields (CHiPR, USB), K. Bose (CHiPR, Princeton), Y. B. Wang, and D. 

J. Weidner, (CHiPR, USB) 

To determine the equation of state and the behavior of planer disorder in talc, 
EDXRD at high temperature and pressure was done using a DIA-type cubic-anvil 
press (SAM-85). 

Disorder reduces the intensity of many Bragg lines, and therefore the remaining 
lines could only be indexed as monoclinic. The unit-cell volume is shown in Fig. 1. 
The room-temperature volumes were fit to the Birch-Murnaghan equation of state 
to derive the compressibility values of: K = 32.6(3) GPa and K’ = 13.8(4). 

Fig. 1. Talc volume vs. pressure. 

430 

425 

420 EE 
0 

Figure 1. Unit cell volume of talc as a function of pressure at temperatures ranging 
from 300 K to 1025 K. 

* This work was supported by the NSF under a grant to the Center for High Pressure 
Research. 



Exploring the stress-induced transformation of FCC TIC to the 8H 
HCP polytype using high pressure and high temperature 

X17Bl 

P.J. Schields (CHiPR, USB) 

We have attempted to reproduce a recently discovered [1] stress-induced polytypic 
transformation of the FCC NaCl-type structure of TIC to the HCP 8H polytype. 
We increased pressure to 8.8 GPa to generate nonhydrostatic stresses, but did not 
detected a phase change. Heating to 1473 K, and further pressure treatments did 
not induce a phase transformation. 

1. Chien, F., R.J. Clifton and S.R. Nutt, Stress-induced phase transformation in 
single crystal titanium carbide, J. Am. Cer. Sot., ‘78 [6], June (1995). 

Equation of State of Ca(Ti,Si)Os Perovskite X17Bl 

Y. Sinelnikov, J. Kung, and Y. B. Wang (CHiPR and USB) 

Ca(Ti,Si)Os and CaTiOs solid solution perovskites have been the subject of 
the present study to constrain the properties of unquenchable CaSiOs perovskite 
through the elasticity sistematics in the system CaSiOs-CaTiOs. There are numer- 
ous studies on the elasticity of CaTiOs perovskite (perovskite sensu strictu 

is stable at room pressure and temperature. i 
, which 

However, little is known a out its 
equation of state at simultaneous high P and T, and nothing about the properties 
of the solid solution perovskites Ca(Ti,Si)Os. 

Such intermediate compound have been synthesized in the Stony Brook High 
Pressure Laboratory using the multianvil apparatus USSA-2999. The P - V - T 
behavior of two samples has been studied within their P-T stability field using a 
DIA-type, cubic-anvil apparatus (SAM 85) and in situ x-ray diffraction techniques 
on the X17B superconducting wiggler beamline at NSLS. In this beam time, we 
successfully obtained P-V-T data for CaTiOs and Ca(Si,Ti)Os in the temperature 
range from 30°C to 9OO’C and pressure from 1 bar to 10 GPa. Analyses of the data 
showed that pressure environment of the sample during the experiment was nearly 
hydrostatic. The whole dataset is currently being minimized in full in order to 
obtain all the thermoelastic parameters simultaneously. 

Preliminary results [K0=165 GPa for CaTiOs and 184 GPa for Ca(Ti,Si)Os] yield 
a trend of increasing bulk moduli toward Si rich compounds, which is consistent 
with the ultrasonic measurements on the same materials. 

- . 



Thermal Equations of State of Garnets Along the Pyrope-Majorite 
Join 

I - --- I I 

Y. B. Wang, D. J. Weidner, J. Z. Zhang, I. Martinez, Y. J. Wu, G. L. Chen, Y. 
Sinelnikov, M. T. Vaughan, R. C. Liebermann, (CHiPR., USB) and G. D. Gwan- 
mesia (Delaware SU) 

Pressure-volume-temperature (P - V - T) relations of garnets along the pyrope 
(Py) - majorite Mj) join have been experimentally determined up to 11 GPa and 

$4 1073 K with SA -85. Well-sintered, polycrystalline samples, with compositions 
PyszMjss and PyzcMjsc, respectively, were previously synthesized in a 2000-ton 
uniaxial split-sphere apparatus (USSA-2000) recovered with controlled P-T paths 
in order to minimize residual internal stresses. 

The equation-of-state experiments were carried out with samples embedded in 
NaC1, which was used as the pressure standard as well as to provide a quasi hy- 
drostatic environment at high temperatures. For each P - V - T measurement, 
non-hydrostatic stress components in the samples were evaluated from the NaCl 
spectra, following the method given in (1 . 

i! 
These stresses were relaxed at above 

1000 K, and the spectra collected on coo ‘ng were the least contaminated. Only 
such hydrostatic spectra were used to extract quantitative equation-of-state data. 
As the materials were metastable, the P - V - T data were collected under the 
conditions where the behavior was reversible (up to 1073 K). 

A new anvil geometry design has greatly enhanced the capability of varying 
pressure during one single experiment, allowing a complete coverage in pressure 
along several isotherms at 1073, 8’73, 673, 473 and 300 K, respectively. These 
P - V - T data allowed extraction of isothermal, isobaric, as well as isochoric 
orooerties. [Ref: (‘1Weidner et al. Hiah Pressure Research. Geoohvs. Monoer. 67, 
pp i3-17, 1692. 

KTO = 162(3)GPa 

Ii” TO = 4.4(5) 

V, = 909.05(12)cm3 / mol 

= -0.0037(1 l)GPa / I 

= -O.O- 21(2)GPa / I 
Figure 2. P-V-T data for PjszMjss. 
Solid circles room temperature data that 
are contaminated by non-hydrostatic 
stress (and thus are not used in 

= 1.946(65) x lo-*T K-’ 
equation of state fit). Open circles 

an quasi-hydrostatic data: curves result of 
” . . 

Figure 1. Thermoelastic paramete 
tracted from the data. ~0 is the 
pressure thermal expansion. 

f% using the high-temperature Birch- 
Murnaghan equation of state (from bot- 
tom up, temperatures are 300, 473, 673, 
873, and 1073 K, respectively). 

1 CY - p - 7 phase transformations in (Mg,Fe)#iOd 1 X17B11 

D. J. Weidner, J. H. Chen and Y. B. Wang (CHiPR, USB) 

(Mg,Fe)zSiOa olivine (CL phase) is the most abundant mineral in the upper man- 
tle. Under pressure and temperature, the (Mg,Fe)zSiOa olivine under oes 
transformation to the modified spine1 (p) ph ase, then to the spine1 (7 ‘j 

a phase 
phase, and 

then some higher pressure phases. The o-p-y phase transformations are believed 
to result in the discontinuities of seismic wave velocity at 400 and 520 km depth of 
the earth’s transition zone. These phase transformations are strongly dependent on 
composition (Mg/F e ratio) as well as pressure and temperature. There are contin- 
uous investigations on the cu-/3-y phase transformations, and the topology of the 
phase diagram is well known. However, there are still some questions concerning 
details of the phase diagram such as the composition of the coexisting ~1, p and 
7 phases on the univariant boundary and the phase equilibrium for the system 
MgzSiOh - FezSiOh. 

Aiming to investigate these questions, we have carried out in-situ diffraction 
studies on the (Mg,Fe)zSiOd system at the Xl7Bl beamline. Double-sample as- 
semblies are used in each run. Starting materials have different composition, 
(Mgo.eFeo.l)zSiO4 and (MguFeo.z)zSiO+. The pressure and temperature are in- 
creased up to 14GPa and 1300°C, and cross and recross the univariant boundary. 
Energy diffraction patterns are taken at different P-T conditions near the univariant 
boundary. A series patterns are also taken as a function of time while the pressure 
and temperature are held constant. In Run No. ABG23, we found that p phase 
is present at 12GPa and 1OOO’C and is not present at 12GPa and llOO’C, which 
locates the univariant boundary. 

The structure refinement program GSAS is applied to analyze the energy disper- 
sive data. A good Rietveld analysis can be obtained by fitting the incident spectrum 
first (Figure 1). Messages of phase fractions and atomic occupation fractions come 
out from the analysis while the atomic positions are fixed. The data analysis is still 
under progress. 

7’ I # I 
0.1 0.2 

d (nm) 
0.3 0.4 

Figure 1. An example of Rietveld fitting for the energy dispersive diffraction pat- 
terns of (Mgc.sFec.z)sSi04 at high pressure. 



Studying Rheology Under Mantle Pressure and Temperature Con- X17B1 
ditions * 
D. J. Weidner, Y. B. Wang, G. L. Chen, and J. I. Ando (CHiPR, USB) 

Measurement of rheological properties of Earth materials in a multi-anvil devices 
is accomplished with the aid of a synchrotron generated X-ray probe. Deviatoric 
stresses are generated by compressing a polycrystalline powder as a result of the 
interaction between individual grains. The stress is quantified by measurement of 
the broadening of the diffraction peaks. Generally, the magnitude of the deviatoric 
stress will exceed the nominal pressure unless the sample fails or flows. The change 
of the peak width with time defines the strain rate of the sample. Taken together, 
these data provide constraints on the rheological properties for these conditions. 

In situ X-ray diffraction measurements of MgAlz 04 spine1 under 10 GPa confining 
pressure and temperatures up to 1lOO’C provide an example of such data. Strain 
rates of the order of 10-s s-l were measured at 6OO’C with deviatoric stresses of 
the order of a few GPa, over a duration of four days. The total plastic strain in the 
sample amounted to a few per cent. 

The observed stress-strain-rate-temperature relations quantitatively agree with 
those for the spine1 given by Frost and Ashby Deformation-1Mechanism Maps The 
Plasticity and Creep of Metals and Ceramics, 1984 and correspond to the plasticity- 
power law creep boundary for this material. The current limits of this approach are 
defined by the resolution of X-ray energy. 

Future improvements will come using monochromatic sources with high resolution 
detection systems. This will enable lower stress determinations and hence higher 
temperatures. 

Figure 1. Strain in MgAlz04 spine1 and PysoMjse garnet at 10 GPa and 600°C 
over a period of four days. 

* This work was supported by the NSF under a grant to the Center for High Pressure 
Research 

T-Cup: A New High-Pressure Apparatus for X-Ray Studies X17Bl 

D. J. Weidner, Y. B. Wang, M. T. Vaughan, C. C. Koleda (CHiPR and USB) and 
I. C. Getting (CHiPR and U Colorado at Boulder) 

We have designed and tested a new apparatus for in-situ X-ray diffraction studies 
under high pressures and temperatures. The apparatus is a two-stage system; the 
first stage is a steel cylinder split into six parts and fastened onto the upper and 
lower guide blocks, enclosing a cubic cavity (19.5 mm edge length and the [ill] 
axis of the cube stays vertical) which contains the second stage anvil assembly. 
The hydraulic press used for SAM-85 DIA. guideblocks is used to apply up to 200 
ton load. The second stage is assembled outside the press and consists of eight WC 
cubes each with 10 mm edge length separated by spacers. Each cube has one corner 
truncated into a triangular face; the eight truncations form an octahedral cavity in 
which the pressure medium is compressed. 

The cell assembly is an octahedron made of semi-sintered MgO or boron-epoxy. 
Incident x-ray beam passes through the gaps between WC cubes in the [llO] direc- 
tion of the eight-cube assembly and diffracts off parallel to one of the (100) planes, 
through gaps between the WC anvils, with a diffraction vector 35.3’ from the ver- 
tical plane. A special holder is built for a solid-state detector for energy dispersive 
mode at several 20 angles. We compressed NaCl at room temperature to 160 ton 
force and generated 18+ GPa pressure. Decker’s equation of state for NaCl was 
used to determined pressures in the cell assembly. 

Oil Pressure, bars 

*w” 100 200 300 400 600 600 700 *oil soil ,M 

I 

40 60 60 100 120 140 

Ram Load, Tons 

Figure 1. Results using Toshiba F-grade WC cubes with various truncation sizes, 
pressure media, gasket systems, and taper angles near the truncation. Light gray 
line show results using Kenametal carbide cubes. 
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The Time-resolved X-ray Strength Study of Two Garnet Powder X17B1 
Samples * 

Y. Wu, Y. Wang, J. Ando, D. J. Weidner, and M. T. Vaughan (CHiPR, USB) 

The time dependence of microscopic deviatoric stress can provide a direct mea- 
surement on the viscosity of minerals at high pressure and temperature. Using a 
D&type cubic anvil apparatus (SAM-85) at the X17Bl beam line, we studied this 
problem on two powdered garnet samples with different composition. One is the 
pure pyrope (Pyres), another is 50% pyrope and 50% majorite 

I samples were simultaneously compressed (in different parts o 
PyseMjso). The two 
the same chamber) 

to 9 GPa at room temperature, and then heated to 675”C, finally heated to 86O’C. 
Using the method developed by Weidner (rl’*s), We analyzed the microscopic strain 
from peaking broadening for the (400) and (420 

b crease of the pressure at room temperature, we o 
diffraction lines. During the in- 
served the microscopic strains of 

the two garnets both became almost constant after 5 GPa, which is an indication 
of the samples’ strains have reached their yield point. Continuing increasing the 
pressure after the yield point, the strain values of these two garnets are becom- 
ing nearly the same. Keeping the pressure at 9 Gpa and temperature at 675’C, 
we studied the relaxation process with time of the two garnets by observing the 
changes in the diffraction peak width. The microscopic strain of PyseMjsc de- 
creased monotonically with time, first very fast, then became much slower 
The microscopic strain of Pyre0 almost immediately decreased to zero. Ii 

Figure). 
hen the 

temperature was further raised to 860°C, the microscopic strain of the majorite 
rich garnet PyseMjsc) 

hi 
continued to weaken. From this experiment, we conclude 

that Pysc jso is much stronger than pure pyrope (Pyrce) at high pressure and 
high temperature. The microscopic strains of the two garnets show quite differ- 
ent temperature dependence at high temperature and pressure although their yield 
points at room temperature are nearly the same. Thus the composition of garnet 
has a great influence on its mechanical properties. Further studies on the viscosity 
of garnets from the time-resolved relaxation process are being carried out. 
References ’ D.J. Weidner, Y. Wang, NSLS Annual Report, 1993; ’ D.J. Weidner, 

Y. Wang, M.T. Vaughan, Science, 266, p419-422, 1994; ’ D.J. Weidner, Y. Wang, 
M.T. Vaughan, Geophys. Res. Lett., 21, 753-756, 1994 

Figure 1. Strain in two garnets as a function of time. The filled symbols represent 
PyseMjsc and the open symbols represent the pure pyro 

P 
e. The diamonds are for 

the (400) line in both cases, and the squares are for the 420) line. 

‘p 
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Research 

In situ X-ray diffraction studies of iron and iron silicide at high X17B1 
pressure and temperature * 

J. Zhang (CBiPR, USB) and F. Guyot (IPGP, Paris) 

Silicon has been proposed to be an important alloying element in the outer core 
of the Earth. Discussion of possible incorporation of silicon during the formation 
of the core needs high-pressure and high-temperature data on the Fe-Si alloys. In 
this study, we performed experiments on iron and iron silicide Feo.arSio.cs up to 10 
GPa and lOOO’C, using a DIA-type, cubic-anvil apparatus (SAM85) in conjunction 
with in situ X-ray diffraction, The two samples were loaded in the same boron 
nitride capsule and separated by NaCl that also serves as pressure standard. Upon 
heating, the transition from bee phase to fee phase of iron was observed at 475&8 
GPa, 525&7 GPa, 550f6 GPa, and 625&4 GPa. The transition from hcp phase to 
fee phase of iron occurred at 5OO’C and 9 GPa. These results are consistent with 
previous in situ x-ray studies (e.g., Akimoto et al., 1987). For Fee.srSie.es, the first 
appearance of fee phase was observed at temperatures that are 250-3OO’C higher 
than that in pure iron at 7.5 and 9.5 GPa. At both pressures, however, the transition 
in Feo.arSie.es was sluggish and did not complete up to 1OOO’C. At 5 GPa and lower 
pressures, no fee phase of Fes.srSie.es was observed at high temperature. Implication 
from these observations is that incorporation of Si in Fe strongly stabilizes the bee 
structure. It is also proposed that the amount of Si that can be incorporated in 
fee structure increases with pressure. During the cooling the reversibility of phase 
transformations in iron is kinetically controlled: at 7-8.5 GPa, the fee phase was 
first transformed to the hcp phase at 3OO’C and then to the bee phase at 1OO’C; 
at 5.5-7 GPa, however, the bee phase first appeared at 4OO’C and the hcp phase 
then started growing at 2OO’C; at pressures below 4 GPa, the transition between 
the bee phase and fee phase of iron was reversible within 2O’C. 

The kinetics of the back transformation in iron is likely due to (1) metastabiity 
of hcp phase and (2) 1 
negative slope of the 

ower transition temperatures at high pressures because of the 
phase boundary. 

Reference: Akimoto S., T. Suzuki, T. Yagi and 0. Shimomura (1987), Phase dia- 
gram of iron determined by high-pressure/temperature X-ray diffraction using 
synchrotron radiation, in High Pressure Research in Mineral Physics, ed. by M. 
Manghnani and Y. Syono, pp. 149-154. 

* This work was supported by the NSF under a grant to the Center for High Pressure 
Research. 
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P-V-T measurements of siderites at high pressure and high temper- 
ature * I I 

X17B1 

J. Zhang (CHiPR, USB) and I. Martinez (ENS Lyon, France) 

It has been recognized that magnesite and siderite might be major reservoir 
for carbon in the Earth’ mantle (e.g., Katsura et al., 1991; Li et al., 1995). To 
understand the stabilities of carbonates, physical properties at high pressure and 
temperature are needed. We have continued to work on the P-V-T measurements 
of carbonates, using a DIA-type, cubic anvil apparatus (SAM-85) interfaced with 
in &tax-ray diffraction at the X-17Bl beam line. In this study, we used the natural 
siderite samples of compositions (Fe.sss, Mn.ccz)COs and (Fe.se, Mg.ss, Mn.cz)COs 
as the starting material. 

Isothermal volume measurements were obtained at pressures and temperatures 
up to 9 GPa and 1273 K by the following procedures: (1) compression at room 
temperature to the maximum pressure, followed by heating to the desired tem- 
perature (usually 1073 K) and cooling to room temperature; (2) decompression to 
the next pressure of interest with repetition of heating and cooling cycles. From 
these measurements, the following physical parameters can be derived based on the 
Birch-Murnaghan equation of state and relevant thermodynamic relations: (1) bulk 
modulus at room temperature and its pressure and temperature derivatives; (2) 
thermal expansion as functions of pressure and temperature; 

and (3) thermal pressures for a given volume. In combination with our previous 
work on magnesite MgCOs (Zhang et al., 1995), it is also possible to examine vari- 
ations in these physical properties with Iron-magnesium substitution in carbonates. 

References 
Katsura T, Y Tsuchida, E Ito, T Yagi and W Utsumi (1991), Stability of mag- 

nesite under the lower mantle conditions, Proc. Japan Acad., 67, 57-60. 
Li X, J Nguyen, and R Jeanloz 1995), COs and HsO in the deep Earth: An 

6 experimental study using the laser- eated diamond cell, Proc. of Conference on 
Deep Earth and Planetary Volatiles, in press. 

Zhang J, I Martinez, F Guyot, P Giiet, and SK Saxena (1995) In situ x-ray 
diffraction study on magnesite at high pressure and high temperature, Phys. Chem. 
Minerals, submitted. 

* This work was supported by the NSF under a grant to the Center for High Pressure 
Research 

Synchrotron X-ray scattering study of the N-IC phase transition X17B1, 
in RbzZnCla x2oc 

M.P. Zinkin, R.A. Cowley (Oxford), D.F. McMorrow (Riso), J.P. Hill (BNL) 

Below T, M 303 K, RbzZnCla undergoes a continuous phase transition from 
a normal crystalline (N) ph ase, to one-dimensionally modulated incommensurate 
(IC) phase characterized by a modulation wavevector q. The transition can be 
characterized by a two-component primary order parameter corresponding to the 
amplitude and phase of the modulation wave, the transition is expected to belong 
to the 3D-XY universality class. Higher harmonics of the modulation wave form a 
class of secondary order parameters for the transition. 

Measurements of the temperature dependences of the intensities of the satel- 
lite peaks corresponding to the primary order parameter and the next two higher 
harmonics were performed on X2OC. The resulting order parameter exponents are 
& = 0.35 f 0.01, /?z = 0.87 -+ 0.01, and ps = 1.50 f 0.04, in good agrement with 
recent theoretical predictions for the 3D-XY universality class. 

Figures 1 and 2 show the critical scattering above T, measured on X2OC and 
X17Bl respectively. The second, sharp, component in the X20 data corresponds to 
critical fluctuations on length scale N 10 times those of the broad component visible 
in both data sets. The penetration depth of the 10 IceV X-rays used on the X20 
experiment was M 20 pm, whereas the 60 keV X17Bl experiment was performed 
in transmission, the M 2 mm penetration depth being approximately equal to the 
sample thickness. This data is evidence for a near-surface origin of the second length 
scale scattering. The measured temperature dependence of the width of the broad 
component of the critical scattering results in a value of the inverse correlation 
length exponent v = 0.66 rt 0.02, in agreement with the BD-XY result. 

Figure 1. Critical scattering measured 
on X2OC. Note the presence of a second 
component in the scattering. 
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K-edge Subtraction CT Imaging using the Angiography System * X17B2 

A.M. Charvet (ESRF), F. Arfelli (NSLS/INFN), R. Menk (NSLS) and Z. Zhong 
(NSLS/SUNY) 

1. Framework 
We are interested in subtraction CT imaging of the human brain at the K-edge 

of iodine as a possible tool for in-vivo neurological studies of cerebral ischemia. 
Ischemia is the tissue damage resulting from a diminished blood supply. It is hoped 
that this technique will allow quantitative concentration measurements of contrast 
agents carried by the blood stream, such as iodine, giving access to blood volume 
measurements (a.k.a perfusion) in various areas of the brain. 

The work reported here was intended as a preliminary evaluation of the suitabil- 
ity of the NSLS X17B2 angiography system for K-edge subtraction CT imaging of 
phantoms under dosimetry conditions comparable to that of a medical brain scan- 
ner. Potential problems included the vertical crossing angle of the two beams and 
dose rates differing by two orders of magnitude in angiography and CT. 

2. Method and measurements 
The angiography system simultaneously provides two monochromatic X-ray 

beams bracketing the iodine K-edge (33.17 keV). Both beams are about 5” wide and 
cross at the patient/sample position with a vertical angle between them of about 
1 mrad. The intensity profile of both beams is measured simultaneously in a few 
milliseconds with a 600 element dual array silicon detector. Absolute intensity of 
the X-rays incident on the patient/sample is provided at the beamline, expressed 
in dose. For CT a rotation stage was used instead of the vertical translation used 
in angiography mode. 

Various samples and phantoms were imaged to test the system, including an 
excised cow heart and a cow tail (with bone) with iodine-filled tubes inserted in 
them. In each case monochromatm CT images were obtained above and below 
the iodine K-edge, and the subtraction carried out. In addition, a dual energy 
subtraction image was obtained using 33 keV and 99 keV as the two energies by 
using the harmonics present in the X-ray beam. 

Images of a 4” diameter plexiglass phantom with iodine-filled holes of dimensions 
l/4”, l/8” and 3/32” were taken with iodine concentrations of 12 mg/cm3, 3.7 
mg/cm’ and 0.082 mg/cms. The images were reconstructed from 360 projections. 

3. Results 
Concentrations down to 0.082 mg/cm3 in l/4” diameter details were visible in 

the reconstructed subtraction images. This is a very encouraging result since it can 
be further improved upon. 

These preliminary measurements have shown that the Angiography system on 
Xl’i’B2 is well suited to take K-edge subtraction CT images of phantoms at the 
iodine K-edge. It will be possible to use it to determine the minimum iodine con- 
centration which can be accurately measured on K-edge subtraction CT images 
under conditions (dosimetry in particular) scalable to an in-vivo brain CT scanner. 

5d 
E * Work funded by DOE Contract No. DE-AC02-76CH00016 (AUI) and by a Fihone- 

Alpes Contract to Joseph Fourier University 

Comparison of different detectors used in noninvasive coronary an- X17B2 
giography with synchrotron radiation * 

R.H. Menk, F.Arfelli, D.Chapman, N.Gmur, W.Thomlinson, Z.Zhong (NSLS) 

At present, and in the near future’ only the line scan geometry with synchrotron 
radiation used at the NSLS, HASYLAB and ESBF provides enough precision and 
time resolution to resolve the distal parts of the coronary arteries down to a size 
of 1 mm in diameter after a transvenous injection of the contrast agent. The 
limitations are of a technical nature and mainly due to the detector systems used in 
this application. During the last year we carried out measurements to compare the 
detector systems used at the NSLS X17B2 beamline and at the medical beamline at 
HASYLAB in Hamburg. At Xl7B2 we use a solid state Li drifted Si strip detector in 
current mode while at HASYLAB a multi-channel gaseous ionization chamber also 
driven in current mode is used. Both detector systems are able to resolve a coronary 
artery even in its distal parts down to a diameter of 1 mm if the photon flux behind 
the patient is high 
photons per pixel). 

enough to satisfy the requirements of Poisson statistics (20000 
For this flux the zero spatial frequency detective quantum 

effiency (DQE) of both detector systems is comparable and about 0.6. For lower 
fluxes, however, the solid state detector has higher DQE values than the gaseous 
detector due to a noise level of about 10 photons (at 33 keV) in comparison to 88 
photons! respectively. In both cases the noise level is dominated by the read out 
electromcs. It should be pointed out that the intrinsic noise level of the gaseous 
detector itself is negligible. For both detectors the spatial frequency dependent 
DQE is similar with slight advantages for the gaseous detector. This is mainly due 
to a spatial resolution of 0.98 LP/ mm (gas detector) instead of 0.8 LP/mm for the 
solid state detector. At the moment the dynamic range of both systems is limited 
by the read out electronics and a value of 32000 for the solid state detector and 
43000 for the gaseous detector was found. The dynamic range of the electronics 
of the gaseous detector is nearly independent of the integration time (from 0.8ms 
to 400ms). In the case of the solid state detector the dynamic range is directly 
proportional to the integration time. The quantitative evaluation of the patient 
images taken so far shows that the average flux behind large iodine filled structures 
like the ventricles might differ from 2000 to 15000 photons per pixel depending 
on the physical conditions of the patient. Unfortunately one of the three arteries 
(circumflex) is normally hidden by these structures in all projections. In order to 
resolve the circumflex artery ( 2 mm in diameter filled with 1Omg 
a signal-to-noise-ratio of three, 2000 photons per pixel are neede 1 

ml iodine) with 
and in most of 

the cases this is obtained for reasonable skin entry doses (3-5rad per frame). At 
the same time the electronics’ noise should be at least 3 times smaller than the 
associated Poisson noise of 44 photons. Taking into account that the maximum 
number of photons behind the lung areas observed was 2640000 photons per pixel a 
dynamic range of at least 18 bits is required. That is two to three times more than 
the dynamic range of the present systems. 

* This work was supportedby the US Dept of Energy Contract No. DE-AC02-76ch00016 
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E Three-energy Coronary Angiography Imaging * 1 X17B2 

W. Thomlinson, L.D. Chapman, N. Gmiir and Z. Zhong (NSLS), It. Petr (Science 
Research Laboratory, Inc.) 

The use of three monochromatic beams provides a technique of resolving the bone 
as well as improving iodine and soft tissue images taken with synchrotron beams. 
The standard two-energy image analysis uses an assumption that the bone and soft 
tissue absorption coefficients have the same energy dependence. Such is the case 
for our present program and artifacts are, in general, not a problem. However, this 
assumption can lead to significant image artifacts if the two energies are not within 
200-300 eV of the contrast agent absorption edge. We are developing a compact 
radiation source which uses characteristic radiation lines as much as 2.5 keV apart. 

At the NSLS, the angiography monochromator is a bent-Laue Si(ll1) crystal 
which produces the two primary beams about 130 eV above and below the iodine K- 
absorption edge. In addition, the third harmonic of these energies is also present at 
a level of about 0.4%. We were able to image an angiography pig heart phantom first 
with the two standard beams, and then with a single beam at the third harmonic. 
With proper calibration of the system, we then had two images near 33.17 keV and 
one at 99.9 keV. The subtracted three-energy images provided iodine, soft tissue 
and bone images of excellent quality. The analysis also provided a pixel map of the 
three components of the phantom. Using this information, it was then possible to 
generate images corresponding to those which would be obtained with any set of two 
or three-energy beams. The results demonstrate very clearly that for two energies 
more than a few hundred eV apart, the image quality rapidly degrades. This is 
important because the compact source images would contain significant artifacts 
unless a third energy image were to be obtained. 

Monochromatic CT image sensitivity: results from preclinical mul- X17B2 
tiple energy computed tomography [MECTl I I 

X.Y. Wu, F.A. Dilmanian, B. Ren, J. Kress, J.A. Coderre, D.N. Slatkin (Medical 
Dept., BNL); M. Shleifer, W.C. Thomlinson, Z. Zhong (NSLS, BNL); D. Chapman 
(I.I.T.), T.M. Button, F. Giron, Z. Liang, M.J. Petersen, C.T. Roque (SUNY at 
Stony Brook) 

Images from the monochromatic CT MECT, being developed for the human head 
and neck imaging, are presented. MECT is expected to be used for imaging the 
composition of carotid artery atherosclerotic plaque in terms of lipid/cholesterol, 
fibrous, and calcified tissues. 

A Laue-Laue monochromator with two flat Si< 111 > crystals, and two CdWOh- 
photodiode array detectors, one with 0.5 mm pitch and second with 1.84-mm pitch 
collimated to 0.92 mm elements (Analogic Corp.) were used. Images were acquired 
at 24’ s-l rotation speed. The monochromator was detuned to 15-20% peak inten- 
sity at a fixed dose rate. For some images two separate 360°-data sets were collected 
with a l/2 detector pitch lateral offset, then interlaced. Reference data were col- 
lected before and after each slice. The residual variations in the beam profile shape 
due to monochromator instabilities was 0.2% peak-to-peak. 

Fig. 1 shows a standard “low-contrast” phantom insert, inside a 10.5 cm diam. 
acrylic cylinder imaged with MECT (left, high-res. det., no interlacing, 43 keV, 
1.9 mm slice height) and with conventional CT (CCT, right, 80 kVp, 3 mm slice 
height), respectively. The phantom had 5 inserts of 8.0, 5.6, 4.0, 2.8, and 2.0 mm 
diam. and 0.6% contrast. Images had the same spatial resolution N 6.5 lp/cm), 
an dose times slice height 
Hounsfield Unit (HU) for Id 

N 6 cGy . mm . The image noise (S. 
Ii 

b 
ECT and N 3 

.> was N 1.5 
U for CCT. A 135-mm dram. acrylic 

cylinder containing 5 inserts of six 11-mm diam paraxial channels filled with iodine 
solutions of 240, 120, 60, 30, 15 and 0 pg I/ 
and CCT (100 kVp, mean energy ~45 keV 

cc was imaged with MECT (33.25 keV) 

of channels; the 240~pg-I cc values are 26 
h 

J3! 
. Fig. 2 shows CT numbers in one set 
U for MECT and 13 HU for CCT. The 

MECT image noise was igher at 33.25 keV than at 43 keV, because 33.25 keV is 
not optimized for the size of the phantom. 

We thank J. Gatz, N. Gmiir, D. Greenberg, R. Greene, J. Hastings, X. Huang, A. 
Lenhard, E. McKenna, R. Menk, P. Siddons, G. Smith, F. Staicu, M. Woodle (BNL) 
and E. Becker, S. Marcovici (Analogic Corp., Peabody, MA) for their assistance. 
Research supported by the Office of Health and Environmental Research, U.S. DOE. 

* This work was supported by the US Department of Energy Contract No. DE-ACOS- 
76CH00016. 

Figure 1. Figure 2. 



Pressure-Volume/Temperature Data on Platinum x17c 

Y. Cerenius, S. K. Saxena, P. Haggkvist (Institute of Earth Science, Uppsala 
University, Sweden) 

Pressure-Volume Data on Platinum and Rhenium 1 x17c 1 

L. S. Dubrovinsky, S. K. Saxena, P.Haggkvist (Institute of Earth Sciences,,Uppsala 
University, Sweden) 

A modified diamond-anvil cell as originally designed by Schifferl and others (Ming 
et al., 1987) was used to obtain the pressure-volume-temperature data on platinum. 
Gold was used as an internal standard for pressure measurement and for correcting 
the thermocouple determined temperatures. The cell was heated externally under 
a constant flow of argon. The sample was pressurized between diamonds of 450 
micron culet size. In all, 46 pressure-volume-temperature data are available in the 
pressure range of 1 atm to 15 GPa over the temperature range of 300 toto 900 K. 

L. C. Ming, M. H. Manghnani, J. Balogh (1987) High-Pressure Research in Min- 
eral Physics. TERRAPUB, Tokyo, 69-74. 

The available equations of state for platinum and rhenium are largely based on 
shock-wave data. Therefore, we considered it important to obtain pressure-volume 
data on these two metals, which are finding important application as standards 
in laser-heating experiments both as hot plates and for in-sity X-Ray studies. We 
pressurized Pt in a Mao-Bell cell with three different solid media: NaCl, MgO, and 
brucite Mg(OH 2. Rhenium was pressurized with MgO and with Pt in two separate 
experiments. h T e highest pressure reached in these experiments was between 30 to 
50 GPa. By combining the metals with the solids of different compressibilities, we 
hope to obtain not only the P-V data but also learn about the influence of different 
degrees of non-hydrostatic conditions on EoS. 



F 
z 1 High-Pressure Phase Transitions in LiVOs and alfa-NaVOn I x17c I 
u’ I - I I 

Andrzej Grzechnik, Paul F. McMillan; Materials Research Group, Arizona State 
University 

LiVOs and alfa-NaVOs were studied in situ at high pressure in a diamond cell, 
using energy-dispesive X-ray diffrac tion at the X17C beam- line. Pressures were 
derived from the Au internal standard. The peak po si s- s, unit cell parameters, 
and unit cell volumes were measured to 50 GPa. 

LiVOs and alfa-NaVO3 have crystal structures related to the mono- clinic silicate 
pyroxenes, C2/c. They are built up of corner-shared chains of the tetrahedral VO:- 
units along [OOl], bound in a crystal network by the external ca s at two non- 
equivalent sites, Ml and M2. Upon pressurizing, both compounds exhibit sluggish 
phase transi s from 3 to 5 GPa and from 4 to 6 GPa, respectively. Thereafter, the 
diffrac tion patterns showed no changes up to 50 GPa. The sforma s were identified 
by observa of the growth of the peaks corresponding to the phase with the six- 
fold coordinated vanadium ca as well as merging of the peaks for ambient pressure 
phases. A tentative unit cell for the high pressure phases for both compounds is 
based on the rhombohedral unit cell of LiNbOs. High pressure phase of LiVOs was 
non-quenchable, whereas the diffrac - pattern for the quenched sample of NaVOs 
showed the presence of both ambient pressure and high pressure phases. 

We propose a structural model for the high pressure displacive phase - si s in 
LiVOs and alf&NaVOs. In this model, the observed sluggish sforma s involve 
breakdown of the chain 
in the b-c plane (the C2 P 

yroxene structure. The displacement of the oxygen atoms 
c phases 

1 
causes the rota of the tetrahedral and M2 octahe- 

dral chains. Eventually, this disp acement is so large that the distances between the 
V ca and the oxygen anions in its second neighbor shell can be short enough for the 
V ca to change its coordination to six-fold. Such model is in accord with the informa 
inferred from our high pressure infrared and Raman data for both compounds. 

Iron at High Pressure and Temperature: The Stability of New Beta- x17c 
Iron Phase 

S. K. Saxena, L. S. Dubrovinsky, P. Haggkvist (Institute of Earth Science, Uppsala 
University, Sweden) 

Spec pure iron powder sandwiched between layers of BaO was squeezed in Mao- 
Bell diamond anvil cell and heated with a Nd-YAG laser in CW mode at pressures 
between 40 and 60 GPa at Uppsala. The pressurized DAC’s were taken to NSLS 
and the samples while still under pressure were studies at the beam line X17C. 
The new phase beta-iron with DHCP structure (Saxena et al., 1993, 1995) was 
found to be present on all heated spots at pressure up to 60 GPa. A detailed 
study of the available data is in progress and will provide us with a preliminary 
pressure-temperature phase relations of iron in its alpha, beta, gamma and epsilon 
polymorphs and some comparative information on their compressibilities at 300 K. 

S. K. Saxena, G. Shen, P. Lazor (1993) Science, 260, 1312. 
S. K. Saxena, L. S. Dubrovinsky, P. Haggkvist, Y. Cerenius, G. Shen, and H. K. 

Mao (1995) Science, 269, 1703. 



Monitoring the Absorption of Deuterium into Palladium I x17c I 

E. F. Skelton, S. B. Qadri, P. L. Hagens, D. D. Dominguez (NRL), and J. Z. HU 

ww 
The Pd-H system is probably the most extensively investigated of all metal- 

hydrogen systems. Nevertheless, some of its properties at high (> 85% hydrogen 
concentration still remain unexplained. The work recently performe d on X17C 
represents the first in situ monitoring from microscopic volumes deep within a Pd- 
lattice as D is absorbed (or desorbed). Conventional x-ray sources, such as K-alpha 
radiation from a Cu tube, will only penetrate the first few microns of Pd. However, 
the high energy (> 80 keV) x-ray photons available on X17C, allow two orders of 
magnitude deeper penetration into the Pd. Moreover, because of the multiple order 
of magnitude increase in the synchrotron beam intensity, diffraction data can be 
obtained from extremely small volumes. For example, data were collected from a 
microspot only 18 x 10-l’ m3 in volume. This spot could be located anywhere 
within a 1 mm diameter Pd wire. Using this, the alpha-beta transition induced 
in the Pd by the absorption (or desorption) of D was monitored from the outer 
edge to the core. Results show that, although the alpha-phase forms rapidly at 
both the surface and the core, there is considerable delay in the initiation of the 
beta-phase at the core, compared to that at the surface. Other features of the 
structural changes associated with the absorption of D into Pd have been observed. 
These details may lead to an improved understanding of this system, especially at 
high concentration levels., and could shed light on claims made for anomalous power 
production mechanisms m this system. 

X-ray scattering studies of liquid crystalline polymer solutions under 
shear flow * 

X18A 

W. Burghardt, K. Hongladarom, V. Ugaz, D. Cinader (Northwestern), J. Quintana 
(DND-CAT, APS), and B. Hsiao (DuPont) 

Liquid crystalline polymers (LCPs) derive much of their technological utility as 
a result of the abiity of flow fields encountered during processing to influence the 
molecular orientation state in the final product. We have used x-ray scattering 
as an in situ probe of molecular orientation in model LCP solutions [poly(benzyl 
glutamate) (PBG) in m-cresol, hydroxypropylcellulose (HPC) in water, and HPC 
in m-cresol], that are subjected to shearing flow in a rotating parallel disk flow 
cell. The flow cell consists of aluminum and steel disks that rotate relative to one 
another. Thin mica sheets are glued to the surface, and apertures are cut out of 
the plates to provide x-ray transmission. Image plates were used to collect two- 
dimensional scattering patterns. Exposure times could be made as short as a few 
seconds, enabling transient processes to be studied. 

Figure 1 shows a typical scattering pattern, in which the flow direction is vertical. 
A double-lobed scattering pattern is observed, where the width of the peaks may be 
related to the degree of molecular orientation (through an orientation parameter, 
S). These solutions have also been studied at Northwestern University using flow 
blrefringence as a probe of molecular orientation. We find excellent self-consistency 
between these two quantitative measures of molecular orientation. In all systems, 
molecular orientation is seen to increase with shear rate in steady shear flow. How- 
ever, the model systems behave differently during relaxation. 13.5 wt % PBG in 
cresol exhibits an increase in orientation upon flow cessation, while the HPC solu- 
tions exhibit decreasing orientation during relaxation. These opposite trends were 
also seen in previous birefringence studies, where they were related to differences 
in- the evolution of macroscopic rheological properties of the LCP solution during 
relaxation. 

Finally, we have carried out preliminary experiments on a highly concentrated (40 
wt %) solution of PBG in cresol. It has recently been reported that the rheological 
behavior of PBG solutions changes abruptly above concentrations of 35 wt %. Our 
x-ray scattering measurements suggest the -presence of a more highly ordered phase 
in the 40% solution, that we have tentativelv identified as hexagonal. At high 
shear rates, it appears that this ordered phase’ is disrupted, and a-typical nematic 
scattering patterns such as is seen in Figure 1 is recovered. These phenomena will 
be the object of further detailed studies. 

Figure 1. 2-D scattering pattern observed in 60 wt % HPC in water, subjected to 
shear flow at 100 l/5. 

* This work was supported through the NSF Materials Research Center 



1 Structural Measurements of NiSz-,Sea * 1 X18A ) 

S. N. Ehrlich, G. L. Liedl, P. Metcalf, S. Soma and J. Honig (Purdue University) 

Single crystals of NiSz-DSem were grown with compositions of x = 0.51, x = 0.55 
and x = 0.63. For x = 0.51 and x = 0.55 a broad electrical and corresponding 
magnetic anomaly was encountered above T = 40K; the sample with x = 0.63 re- 
mained a poor metal. Powder diffraction measurements we have made for samples 
with x = 0.51 and x = 0.55 show no corresponding structural changes, such as a 
phase transformation, in the temperature range T = 20K - 300K. We have made 
room temperature measurements on single crystals of a sample with x = 0.50 which 
show multiple peaks in theta-2theta scans of several different reflections, indicating 
regions of different lattice parameters within the sample. We measured these re- 
flections just above and just below the Se K edge (E = 12658 eV) to search for an 
energy dependence in these multiple peaks. Preliminary results possibly indicate 
regions of varying Se concentration within the sample. 

XSCAN X-ray Data Acquisition and Analysis Software for 
the MATRIX X-18A X-ray Scattering Beam Line at the X18A 
NSLS * 
S. N. Ehrlich, J. A. Schwanof (Purdue Univ.), X. Yang (Howard Hughes Med. 

Inst.) and G. L. Lied1 (Purdue Univ.) 

A versatile and easy-to-use computer software package has been developed for 
equipment control, data acquisition and analysis at the MATRIX X-18A x-ray scat- 
tering beam line at the National Synchrotron Light Source. The software runs on 
any IBM compatible personal computer running under MS-DOS and makes use 
of the GPIB and AT-Bus interfaces. The menu driven program is user-friendly 
for a wide range of x-ray experiments through control of all aspects of the x-ray 
beam line. Equipment interfaces include counter-timer, stepping motor controllers, 
multi-channel analyzer and temperature controller. XSCAN can perform motions 
and scans in real space and reciprocal space and can do user designed scans using 
an external file scan capability, which reads in an ASCII file of positions for up to 
six diffractometer motions plus the x-ray energy and scans them in order. Inte- 
grated routines calculate orientation matrices for up to 20 reflections and can fit 
x-ray peaks using six different function types. Extensive help files are available and 
the data input is rigorously checked for proper form and consistency with software 
limits. 

The XSCAN software has been evaluated by many users, both novice and experi- 
enced. Modifications have been integrated into the system to assist users. Plans are 
presently underway to upgrade the software to run under Windows NT complete 
with OLE support, multi-threading and Postscript capabilities. 

* This work is supported by U.S. Department of Energy Grant No. DE-FGOS- 
85ER45183. 

* This work is supported by U.S. Department of Energy Grant No. DE-FGOB- 
85ER45183. 



I Multiple X-Ray Diffraction Studies of Decagonal Quasicrystals I X18A I 

Rachel Eisenhower and Roberto Colella (Purdue University),Benjamin 
Grushko(Forschungszentrum Juelich) 

The asymmetric shape of a multiple-diffraction peak yields information about the 
phases ($) of the Bragg reflections involved *. The effect is particularly pronounced 
when, as a weak (P) reflection is rotated about its scattering vector, strong (H) 
reflections are simultaneously excited. Analyzing the resulting peak shape usmg 
n-beam perturbation theory 5 gives a value for the triplet invariant, 6 = bp--~ + 

or $;otp- F a centrosymmetric structure, the only permissible values of 6 are 0’ 

Several multiple diffraction experiments have been performed on decagonal qua- 
sicrystals. These materials consist of periodically stacked planes. Precession pho- 
tographs taken along the stacking axis reveal a quasicrystalline lo-fold rotational 
symmetry axis, indicating aperiodic order of the atomic sites within each plane. 
The purpose of this work is to investigate both the presence or absence of a center 
of symmetry, and the effect of stoichiometry on lattice locations. 

The stoichiometries AlaeCullCozl and Al71N&Feb were studied. Since these 
different compositions produce diffraction patterns that have identical spot posi- 
tions but different intensities, differences in the multiple-diffraction peaks reflect 
differences in atomic site locations. The figures below show intensity vs. 9, the az- 
imuthal angle of rotation about the weak reflection. For the AleeCu11Co21 system, 
all values of 6 fell in the range 80’ to 100’. For the Al71 N&h Fe6 system, most val- 
ues of 6 indicated a centrosymmetric structure, with the exception of the reflection 
shown below. The positions of most multiple-diffraction peaks are reproducible in 
both alloys; different intensities and values of 6 are observed. The analysis of these 
results is still in progress. 

0 2 4 6 6 
Y(azhn”lhnl angle) x 16’ degrees 
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Figure 1. 

High Resolution X-ray Diffraction Investigations of InGaAs-based X18A 
Heterostructures * 
R.S. Goldman (Carnegie Mellon University), K.L. Kavanagh, H.H. Wieder (Uni- 

versity of Cahfor~nia, San Diego), and S.N. Bhrlich (Purdue University) 

We have investigated the effects of composition gradient on strain relaxation in 
compositionally graded In,Gar-,As (O<x<O.5) buffers grown on GaAs substrates. 
The 5-step buffers were graded from In mole fraction x=0 to 0.5, in increments 
Ax=O.l. Triple-axis x-ray diffraction measurements reveal nearly complete and 
isotropic strain relaxation in buffers with shallow and steep composition gradients. 
However, large differences in epilayer tilt and mosaic spread are observed. Fig. 
1 (a) and b) present (004) 

! respective y. 
maps of the buffers with 100 and 50 atomic % In/,um, 

These maps consist of a series of w-28 scans with the same initial value 
of 20 but a slightly different value of w. In the plots, the y-axis corresponds to 9 
and the x-axis to w,,,;d,the center value of w in each w-28 scan. Thus, the y-axis is a 
measure of d-spacing variations, and the x-axis is a measure of mosaic spread. The 
contours are lines of equal intensity, varying from 1,000 to 5,000 counts 

I, increments of 1,000. The GaAs substrate peak lies at 0=35.75’, and t 
second, in 
e 5 buffer 

steps lie at successively smaller 6. For the shallow-gradient buffer, fig. 
W,id values of the epilayers and substrate peaks are essentially identical, 

1 b), 
in 6 

the 
icating 

that the InGaAs planes are parallel to the GaAs planes. For the steep-gradient 
buffer, fig. l(a), th e W&d values of the epilayers and substrate differ by as much 
as lo, indicatmg that the InGaAs planes have tilted up to lo with respect to the 
GaAs planes. More detailed contour maps in the vicinity of the top layers reveal 
differences in the broadening of w scans, indicating greater mosaic spread in the 
steep-gradient buffer. 

Figure 1. Triple-axis 004) contour maps, Wm;d vs. 6, for buffers with gradients (a) 
b 100 and(b)50 atomic o In/,um. 

* This work was supported by NSF, ONR, and DOE grant DE-FG02-85ER4518. R.G. 
acknowledges the support of ONR through an AASERT Fellowship, while at UCSD. 
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Fd 
H Ar-Sputtered Pt/Co Multilayers with Large Anisotropy Energy and X18A 

Coercivity 

Ft. Harlow and P. Garcia (DuPont) 

Pt/Co multilayers are candidates for a high density magneto-optical recording 
media. When Pt/Co multilayers are sputtered in Ar, however, they generally have 
smaller anisotropy energies and smaller coercivities than vapor-deposited multilay- 
ers. Since Ar-sputtering is preferred in manufacturing, we have sought methodolo- 

ies 

f 

that would simultaneously improve both the anisotropy (Keff) and coercivity 
Hc) of Ar-sputtered films. It has been found that the magnetic properties can be 
ramatically improved if the Pt/Co multilayers were sputtered on granular Pt un- 

derlayers made by etching thin Pt layers initially 20-40 A thick. Multilayers grown 
on these Pt underlayers maintain a physically segregated, collumnar microstruc- 
ture with excellent 
and in-house x-ray 6 

Ill)-fee texture as determined by electron probe microscopies 
iffraction techniques. The desired magnetic properties reach a 

maximum when the Pt underlayer is approximately 33 A and decrease substantial 
when the underlayer is either ca. 17 A thicker or thinner. In-house x-ray diffraction 
measurements indicated that there was a strong correlation between the magnetic 
properties and the texture of the multilayer. 

To examine the textural properties in more detail, three samples with Pt under- 
layer thicknesses of 1’7, 33 and 50 A were studied at X18a using a very small focused 
beam (ca. 1 x 1 mm) and high-resolution optics (Ill-Ge analyzing crystal). Con- 
centrating on the main peak from the 10x(3 A Co + 8 A Pt) multilayer, it was easily 
demonstrated that the rocking curve for the sample with the 33 A underlayer was 
very sharp, 0.006 deg., while those of other two samples were quite broad, greater 
than 1.0 deg. The low-angle region of the 33 A sample was in general characterized 
by a multitude of peaks and fine-structures corresponding to interferences between 
the different layers and surfaces. As expected, the other samples showed far fewer 
peaks in this region. Curiously, the main (Ill)-fee reflection for all three samples 
was barely visible in the wide-angle diffraction scans. While the intesity of this 
peak was expected to be small for the 1’7 A underlayer sample, this peak should 
have nicely visible in the 33 A sample because of its high texturing and in the 50 A 
sample simply because of its thick Pt layer. Fixing the Bragg angle and scanning in 
both omega and chi failed to improve the situation. Thus, while these experiments 
have confirmed the earlier findings that the texturing of the 33 A sample is higher 
than that in either the 1’7 or 50 A cases, they have raised other questions about the 
nature of these films which are still unanswered. 

Structural Studies of Self-Assembled Alkynyl Thin Film X18A 
Materials 
A. K. Kakkar, C. M. Yam (McGill Univ.), A. Richter and P. Dutta (Northwestern 

Univ.) 

Molecular self-assembly of functionalized chromophores at interfaces continues 
to draw significant attention due to ootential technoloeical aonlications of the re- 
sulting robust and highly ordered thin films in photocics, conductivity, catalysis 
etc. We have recently developed [l-2] a new chemical methodology for the molecu- 
lar self-organization of i) long chain alkanes containing terminal alcohol, thiol and 
carboxylic acid groups; and ii) rigid-rod alkynes. An evaluation of the spatial re- 
lationships between constituent molecular building blocks which provide structural 
control at the molecular level, is an essential component of our research. We have 
undertaken a detailed structural study of the above mentioned interfaces by using 
ellipsometry and X-ray reflectivity. Monolayers of long chain alkanes with varying 
lengths and end groups, and rigid-rod alkynes with variable acetylenic microstruc- 
tures were prepared on single crystal Si wafers using our new synthetic approach 
based on simple acid-base hydrolytic chemistry. 

The X-ray reflectivity studies were carried out on Xl8A (Aug. 3-13, 1995 
k 

and 
X23B (Oct. 6-Nov. 5, 1995). These studies of the thin films containing al ynyl 
chromophores self-assembled by pure pi-pi interactions! constitute first examples of 
such an investigation. For long chain alkanes, the thrcknesses and tilt angles are 
in good agreement with the ellipsometric data and earlier studies of such interfaces 
prepared using traditional synthetic routes [3]. A preliminary investigation of the 
X-ray reflectivity data on alkynyl thin films suggests a trend in the tilt angle re- 
lated to the length of the rigid-rod and the electron densitv. A detailed structural 
investigation of-these alkynd thin films is currently being pursued. 

1. CM. Yam and A.K. Kakkar, J. Chem. Sot., Chem. Commun., 1995, 907-909. 
2. M.G.L. Petrucci and A.K. Kakkar, J. Chem. Sot., Chem. Commun., 1995, 
1577-1578. 
3. A. Ulman, An Introduction to Ultrathin Organic Films, Academic Press, New 

York, 1991. 



1 Interface Structure in ZnSe-GaAs Heterostructures * 1 X18A 1 
V. Mahadev, S. N. Ehrlich, and G. L. Lied1 (Purdue Univ.) 

Three ZnSe-GaAS heterostructures, with different surface stoichiometries of (001 
GaAs, were studied. They were MBE grown ZnSe on (i) As rich c-(4x4) GaAs, 
intermediate coverage (4x6) G 

(ii 
a A 

nesses of ZnSe were examined, 15 
s, and, (iii) As deficient (4x3) GaAs. Two thick- 
and 100 nm. High resolution transmission electron 

microscopy studies indicated a formation of an interface compound in cases (ii) *and 
(iii) but not (i). Grazing incidence x-ray Bragg-reflection-diffraction was utrhzed 
to analyze the Interface structures in these heterostructure samples. Variable pene- 
tration relative to the interface depth was achieved relative to the thinner ZnSe by 
variation of the glancing angle from 0.12 to 0.5 degrees. 

Out-of-plane scattering was measured for all samples with a systematic study of 
the fundamental reflections and all possible superstructure reflections. No super- 
structure reflections were observed in any of the three cases with either thickness 
of ZnSe. For the 15 nm ZnSe layer only the fundamental reflections were observed 
for ZnSe at 0.12 degree glancing angle that corresponds to an effective penetration 
of less than 15 nm. At the 0.36 degree glancing angle, just penetrating through the 
15 nm ZnSe, broad peaks were observed on the high angle side of the fundamental 
reflections for cases ii) and (iii) as shown in the figure below. At the 0.5 degree 

6 glancing angle only t e fundamental reflections were again observed. These obser- 
vations would indicate that the superstructure present at the time of deposition is 
not preserved in any of the three cases. In the As-rich case (i , the results would 
be consistent with an abrupt transition from the substrate to t h e thin film with no 
interface transition. In the Ga-rich cases the broad peaks observed are consistent 
with a thin strained transition layer. A simulation model based upon a tetragonally 
distorted, disordered GazSes interfacial layer fits the observed diffraction data. 

0.36 degrees incidence angle 

46 
z * This work is supported by U.S. Department of Energy Grant No. DE-FGOZ 
w 85ER45183. 

IX-ray thermal diffuse scattering (TDS) study of the im- 1 
purity effect on the anharmonic lattice dynamics for the Xl8A 
nara-to-ferroelectric Dhase transformation in BaTi * I I 

N. Takesue, H. Kubo and H. Chen (Univ. of Illinois at Urbana-Champaign) 

Addition of impurities may vary the Curie temperature (T,) associated with the 
para-to-ferroelectric phase transition in terms of the lattice harmonicity and anhar- 
monicity. One of the purposes of our research is to make clear the role of impurities 
through the anharmonic dynamics in a prototypical perovskite ferroelectric BaTiOs. 

Two BaTiOs single crystals with one containing 0.3 at’% Feat substitutionally 
replacing for Ti4+ have been examined by in-situ x-ray thermal diffuse scattering 

6 
TDS) measurement near T, at X18A. Results from the pure sample show two- 
imensional TDS distribution around the Bragg peaks on the 100 relplane; they 

are attributed to the overdamped [OlO] TO mode and to the anisotropic on-(100) 
TA modes [I]. The TDS distribution and temperature dependence of the intensity 
(Fig. 1) agree well with the previous neutron inelastic scattering results. 

The TDS distribution from the Fe-doped sample shows a similar pattern to that 
of the pure sample. However, it also displays a different (positive) temperature 
dependence of the intensity (Fig. 2) as well as a more isotropic distribution for 
smsll q’s. Impurities may have reduced the anharmonic interatomic force constants. 
Currently, the TDS calculation is being done through the normal mode analysis 
based upon the rigid shell model for both samples. 

[l] N. Takesue, M. Maglione and H. Chen, Phys. Rev. B51, (1995) 6696. 

Figure 1. TDS vs. q [OlO] for the pure sample (left), and for the doped sample 
(right). 

* This work is supported by the U.S. Department of Energy 



F 
E In situ X-ray Diffraction Studies of YBCO/LaAlOs Super- X18A 

lattices 
S. Williams and J. B. Ketterson (Northwestern Univ.) 

We have constructed a multi-target sputtering cell equipped with mylar windows, 
enabling us to study the growth of multi-layer films in situ. The faced magnetron 
sputtering guns have four targets, with the active target selected by rotating the 
cathode. In this way, multi-layer films can be deposited while the substrate remains 
fixed, preserving the x-ray alignment. 

Our most recent studies have involved the growth of YBazCusO,/LaAlOs su- 
perlattices. A good lattice match and perovskite structure make LaAlOs ideally 
suited for YBCO. We were able to grow high quality superlattices with satellite 
peaks of up to fourth order. Since our sample cell allows us to study the films in 
real time, we were able to observe the effects on annealing on the quality of the 
films by observing the decay of the satellite peaks. We used a program written by 
Eric Fullerton in order to fit the superlattice spectra and determine the degree of 
interdiffusion and roughness in our layers. We found no change in the superlattice 
spectra when the annealing temperature was below 800°C. Above this temperature, 
we observed a decay in the satellite peaks corresponding to increased interdiffusion 
at the interfaces. 

Epitaxial Growth of n-Alkane Monolayers on a Ag(ll1) X18A 
Surface * 
Z. Wu, J. Wang, (Univ. of Missouri-Columbia) S. N. Ehrlich, (Purdue Univ.) B. 

Matthies, K. W. Herwig and H. Taub (Univ. of Missouri-Columbia) 

Synchrotron x-ray diffraction has been used to study the structure of butane n- 
C4Hle), hexane (n-CsHra), and heptane (n-CrHrs) ! monolayers adsorbed on a sing e- 
crystal Ag(ll1) surface, complementing previous neutron diffraction experiments 
with deuterated forms of these monolayers on an exfoliated graphite substratelB3. 
The unit cell of all of these monolayers on graphite is rectangular with a herringbone 
arrangement of the molecules for butane’ and hexane’ and a rectangular-centered 
cell for heptane3. We have found that on the Ag(lll) surface, the monolayers grow 
with a well-defined orientational relationship with the substrate apparently forming 
a higher-order commensurate structure. The structural parameters, including the 
monolayer orientation, are given below. It has been assumed that the butane and 
hexane unit cells remain rectangular as on graphite. For a monolayer of (n-C4Hrs) 
the lattice constants are a = 8.11A and b = 7.49A and the monolayer orientation 
is Gzs 18 deg from Ag(l0) azimuth. For a monolayer of (n-CsHr4) the lattice 
constants are a = 16.12 and b = 5.20A and the monolayer orientation is Grr 14 
deg from Ag(l0) azimuth. For a monolayer of (n-CrHr6) the lattice constant is d 
rr = 4.691 and the monolayer orientation is Grr 12.5 deg from Ag(l0) azimuth. 

For the hexane/Ag(lll) system, specular reflectivity measurements are consistent 
with the adsorbed molecules oriented with their carbon skeletal plane parallel to 
the Ag(lll) surface as on graphite. Also, the monolayer lattice parameters give the 
same area of the unit cell as on graphite. We observe a 0.5% thermal expansion of 
the monolayer between 120 K and the melting point at 151 K. Coincident with this 
expansion, the monolayer rotates 0.12 deg further away from the Ag(l0) azimuth. 

It would be interesting to see whether the orientational epitaxy and rotation of 
these n-alkane monolayers on the Ag(lll) surface can be understood in terms of 
theories previously applied to simpler molecules on graphite41s. 

1. H. Taub, in The Time Domain in Surface and Structural Dynamics, 
NATO ASI, Vol. 228, Ser. C (Kluwer, Dordrecht, 1988), p. 467. 
2 K. W. Herwig, J. C. Newton, and H. Taub, Phys. Rev. B, 50, 15287 (1994). 
3. B. Matthies, K. W. Herwig, and H. Taub, unpublished. 
4. A. S. Novaco and J. P. McTague, Phys. Rev. Lett., 38, 1286 (1977). 
5. F. Grey and J. Bohr, Europhys. Lett., 18, 717 (1992). 

* Supported by NSF Grant Nos. DMR-9011069 and DMR-9314235, the PRF of the 
ACS, and DOE Grant No. DEFG02-85ER45183. 



Diffuse Scattering Studies in Al-Pd-Mn Quasicrystal X18A 

Y. Zhang, R. Colella, S. N. Ehrlich (Purdue Univ.), S. Kycia and A. Goldman 
(Iowa State Univ.) 

It is of interest to study the distribution of diffuse scattering surrounding Bragg 
reflections in a nonperiodic crystal, because useful information may be obtained 
for a better understanding of the atomic structure. A photograph (Fig. 1) was 
taken using a monochromatic x-ray beam (X = 0.711 A) impinging on a stationary 
thin slice of Al-Pd-Mn quasicrystal, about 0.38 mm thick, set perpendicular to the 
beam. A two-fold axis direction was parallel to the x-ray beam. The photographic 
film was placed behind the crystal, perpendicular to the x-ray beam. Our attention 
concentrated on the four spots marked by arrows, which are “clouds” of diffuse scat- 
tering surrounding Bragg spots located on two-fold axes. The distribution of diffuse 
scattering surrounding those four Bragg reflections is very irregular. However, the 
crystal region responsible for the diffuse scattering visible in the photograph is very 
perfect. A rocking curve taken with the same x-ray beam, in a symmetric Laue- 
case geometry, yielded a rocking curve whose width was resolution limited N 30 
arcsecs.). Detailed (hkl) scans, taken along planes perpendicular to a two-fol 6 axis 
direction, revealed a very complicated structure of diffuse scattering, with no re- 
semblance to the expected l/q2 dependence. 
reflection is located at the center, 

Figure 2 is an example. The Bragg 
“behind” the plane of the figure. Plans are under 

way to explore the diffuse scattering surrounding other Bragg reflections, and to see 
the effect of temperature. 

Figure 1. 

HL scan with K=-2.841 

X-ray absorption spectroscopy of titanium-containing molecular X18B 
sieves * I I 

R.J. Davis, Z. Liu, J.E. Tabora, and W.S. Wieland (U. Virginia) 

The first structural characterization by Ti K edge EXAFS and XANES of ETS- 
10 and aluminum-free Ti-beta molecular sieves was performed Davis et al. Catal. 
Lett. 34, 101 (1995)]. 

L 

A TS-1 samole was also studied for comoarison. The near edee soectrum of TS-1. 
I I 

shown in Figure l., revealed an intense pre-edge feature charact&i& of Ti atoms in 
tetrahedral coordmation. However, the pre-edge peak for ETS-10 in Figure 1 was 
quite small and shifted in energy, which is consistent with the known octahedral 
structure surrounding Ti atoms in the material. Analysis of the EXAFS for ETS-10 
revealed an average Ti-0 interatomic distance of 2.00 0.01 which is longer than the 
Ti-0 distance (1.95 ) in anatase. For Ti-beta, an intense pre-edge peak is present 
in the near edge spectrum and the intensity, energy and width of this peak are the 
same as for TS-1. 

In addition, the average Ti-0 interatomic distance in Ti-beta and TS-1 was 1.80 
0.01 , which is significantly shorter that the distance measured in ETS-10. The 
EXAFS and XANES results indicate that the Ti sites in aluminum-free Ti-beta are 
structurally identical to the tetrahedral sites in TS-1. This conclusion is supported 
by the similarity of the UV absorption thresholds for the two samples. 

X-ray absorption spectra were also recorded with methanol or 2-propanol ad- 
sorbed on the Ti-beta and TS-1 molecular sieves. Alcohol adsorption decreased 
the intensity and broadened the Ti pre-edge peak for both samples, demonstrat- 
ing a local chemical interaction with the Ti sites. Methanol adsorption lengthened 
the average Ti-0 bond to 1.83 0.01 . The similarity of the x-ray absorption spec- 
tra for aluminum-free Ti-beta and TS-1 in the presence of alcohols suggests that 
the Ti sites in the two frameworks are chemically indistinguishable for vapor-phase 
adsorption of alcohols at low concentrations. 

Figure 1. Ti K edge spectra for ETS-10, TS-1 and Ti-beta zeolites. 

* This work was supported by the National Science Foundation (CT&-9257306) and the 
donors of the Petroleum Research Fund administered by the ACS (24446-G5). 



.Y 1 Renovation of Beamline X-18B for High Energy X-ray Spectroscopy 1 XISB 1 

% S. Khalid, L. Furenlid and P. Siddons ( BNL ) 

The beamline X-18B is back in operation since August 1995 under the NSLS 
management and support. The old Galvachenko type monochromator and its hous- 
ing has been replaced with a new Si(lll) h c annel cut monochromator inside a cross 
chamber for an easy access for repairs and modifications. 

The new monochromator is under 10-s - lOBe torr vacuum and it is water cooled 
with the gravitational flow and water pump circulation system. This avoids any 
mechanical vibrations and temperature variations. The first crystal has a water 
cooled copper backing block with an indium-gallium liquid eutectic alloy in be- 
tween for improved surface contact and themal conduction. The harmonic rejection 
is achieved by rotating the second crystal at its weak link using a spring loaded 
micrometer. The energy is scanned by rotating the first crystal along its central 
axis by a 30 cm lever arm outside the housing, linearly driven by a micrometer and 
a five phase motor system. 

The energy range of this monochromator is 8 - 31 KeV with an energy resolution 
of about 10 -‘. The 3 eV wide kink, typical of a copper metal edge is highly resolved 
when a 0.3 mm slit is being used at the upstream of the monochromator (fig. 1 

The ion chamber current output of this spectrometer was also measured an d 
. 
it 

was found comparable to other beamlines and to the expected theoretical values (fig. 0 
The separation between the crystals is only 3.5 mm and therefore the variation 

in the exit height of the beam is negligible. In the worst case of Ni - EXAFS ( 
K-edge at 8.333 KeV 1 it is less than 45 microns for a tvoical 1200 eV scan. One 
disadiantage of the channel cut is the presence of mul&le beams at the outlet, 
however, once the fundamental beam is identified a laser inside the hutch is used 
as a reference to keep track of that beam. In addition the crystals can also rotate 
in chi direction which sometimes can be used to displace the position of crystal 

if they appear at a sensitive position in an XAS spectrum. 

Figure 2. Current output from Si(ll1) 
Xl8B channel cut mono. Beam current 
normalized to 100 mA, Na flow in 10 cm 

Figure 1. Energy resolution at copper ion chamber. 20 m from the source (fully 
edge. tuned). 

Chlorine XANES Analysis of Stepwise Combustion Tests on Coal * X19A 
F. E. Huggins, J. Zhao, F. Lu, G. P. Huffman, Univ. of Kentucky, Lexington, KY 

40506, M-I. M. Chou, and J.M. Lytle, Illinois State Geological Survey, Champaign, 
IL 61820 

The release of chlorine from high chlorine (~0.3 wtinvestigated by means of Cl 
K-edge XANES of stepwise combustion tests. The coals were exposed to air at 
50°C temperature intervals between 200°C and 800°C for an hour and the residues 
(char or ash) were subsequently examined by Cl XANES spectroscopy at room 
temperature using a standard Lytle fluorescence X-ray detector. Although the 
XANES spectra of Cl in both untreated coals are closely similar, the results indicate 
different Cl-containing intermediate compounds are formed for the two coals. The 
English coal, but not the Illinois coal, exhibits the formation of NaCl in the vicinity 
of 200 - 300°C note small peak at 12 eV in Figure 1) and both coals appear to 
exhibit 6 organo-c lorine species (note sharp peak at -1 ev in Figure 1) in the chars 
formed at somewhat higher temperatures (300 - 5OO’C). Based on the reduction 
of the step-height of the Cl K-edge, the concentration of chlorine remaining in the 
char or ash formed at temperatures above 400°C is less than 10% of that of the 
original coal (Figure 2). 

These data are being used (i) to explain the variable behavior of chlorine in com- 
bustion of different coals; (ii) to understand the corrosiveness of Cl in combustion 
of high-Cl coals; and (iii) to establish whether significant volatile organochlorine 
forms can be formed during coal combustion. 

Char Preparation Temperature 

Figure 1. Left: Cl XANES of coal as a function of temperature. Right: Variation 
of the chlorine content as a function of temperature. 

* This work is supported by Cooperative Agreement, DE-FC-22-PC92521, between the 
U.S.Department of Energy, the Illinois Clean Coal Institute, and the Illinois Coal Devel- 
opment Board. 



STRUCTURAL CHARACTERIZATION OF PHENYLCOPPER X19A 
IN THF SOLUTION 

H. Huang and J.E. Penner-Hahn (The University of Michigan) 

In previous work, we have characterized the structure of organocuprate and 
cyanocuprate reagents in THF solution [l-4]. These studies demonstrated that 
the dominant Cu species in solutions formed from CuX+nRLi X=CN, R=Me, Bu, 

\ Ph, n=1,2; and X=1, R=Me,Ph, n=2) were mononuclear alky cyano-! dialkyl-, or 
diarylcuprates. The only example of ohgimerization that we found was m the case of 
the parent material, CuCNe2LiC1, which appears to form (Cu- CN-Cu-), oligomers 
[3]. In the present report, we describe the recent extension of these studies to in- 
clude the characterization of phenyl copper reagents. In these systems, we find clear 
evidence for oligomerization. 

Phenyl copper (and related reagents) have proven to be extremely versatile in 
organic synthesis. For example, is was reported that phenyl copper can be use to 
stereospecifically deliver a phenyl group to conjugated enones. The Fourier trans- 
form of the EXAFS data for 0.2 M phenylcopper, prepared by the addition of one 
equivalent of phenyl lithium to Copper(I) iodide, is shown in the Figure. It is clear 
that there are substantial outer shell peaks in these data. The peaks at R+cr M 
1.5, 3.3, and 4 Aare consistent with those expected for a Cu-phenyl interaction. 
Curve fitting results using FEFF 5.0 suggest that these are most consistent with 
the presence of a single phenyl group bound per Cu. The remaining peak, at R+cr 
x 2 A is significantly more intense than any of the Cu-C peaks. The large peak can 
only be modelled by including a Cu-Cu scatterer at ca. 2.45 A. This distance is 0.1 
A shorter than the Cu-Cu distance in Cu metal, suggesting that this feature is not 
due to contamination of the solutions by Cu decomposition products. This short 
Cu distance is consistent with the Cu-Cu distances seen in previously crystallized 
pentameric phenyl-copper clusters, suggesting that similar species are present in 
THF solutions of phenyl-Cu. 

[I] Barnhart, T. M.; Penner-Hahn., J. E. Physica B 1995, 208-209, 709-710. [2] 
Barnhart, T. M.; Huang, H.; Penner-Hahn, J. E. J. Org. Chem. 1995, 60, 4310-11. 

I? 
31 Stemmler, T. L.; Barnhart, T. M.; Penner-Hahn, J. E.; Tucker, C. E.; Knochel, 
.; Bohme, M.; Frenking, G. J. Am. Chem. Sot. 1995, in press. [4] TStemmler; 

Penner-Hahn, J. E.; Knochel, P. J. Am. Chem. Sot. 1993, 115, 348-350. 
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1 Magnetic properties of Ni Porphyrins 1 X19A 1 

M.W. Renner (DAS), K.M. Barkigia (DAS), J. Fajer (DAS), L.R. Furenlid (NSLS) 

Metalloporphyrin p-cation radicals are models for the active sites in a variety of 
biological systems including photosynthesis and heme catalysis. How the unpaired 
electrons of the metal and oxidized porphyrin interact is important to understanding 
the reaction chemistry in these biological processes. 

The relative symmetries of the macrocycle and metal d-orbitals which contain the 
unpaired electrons have been proposed to be responsible for the two spins interacting 
via ferromagnetic or antiferromagnetic coupling. 

We have recently been investigating a series of sterically crowded metallopor- 
phyrins in which the macrocycle adopts a distorted S4 saddle conformation. 

The low-spin Ni(I1) 
species. 

complex is unable to bind axial ligand to form a high-spin 
One electron oxidation of the Ni(II)P (P = octaethyltetraphenylporpo- 

hyrin) affords a macrocycle centered radical. Upon addition of bases (methanol, 
pyridme, etc.) results in an EPR spectra characteristic of a Ni(II1) porphyrin. 
However, from x-ray crystallography the Ni-N distances (about 2.0 ) are character- 
istic of a high-spin. 

To resolve the issue of the nickels oxidation state and magnetic properties we 
have studied the Ni x-ray absorption near-edge structure (XANES). 

The metals edge energy has been shown to be sensitive to the oxidation state 
of the metal. The XANES spectra for Ni 1I)P 
of Ni(II)P + pyridine are shown in the fs 

and one-electron oxidation product 
gure below. The edge position remains 

constant for both samples, therefore the macrocycle is oxidized. The loss of the 
pre-edge peak indicates that the pyridine coordinates to the Ni(I1) in the oxidized 
sample. To explain the EPR and crystallographic data the nickel must be high 
spin (S=l) and antiferromagnetically 
to afford a pseudo (S=1/2) Ni(II1). 

couple with the macrocycle radical (S=1/2) 
Th e saddle shaped distortion in the macrocycle 

appears to be essential for magnetic interaction between the unpaired electrons of 
the macrocycle and metal d orbitals. 

- NI(II)OETPP 

......... Ni(ll)O~PP(pyddlno);CIO; 

E ,....I**** 
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ii Structural Studies of Ni(I1) Porphyrins * X19A 

Mark W. Renner, Kathy M. Barkigia, Jack Fajer (BNL - Dept. of Applied Science), 
Lars R. Furenlid (NSLS), 

Metalloporphyrins are the prosthetic group in a variety of biological systems. The 
structure of these porphyrins is believed to be important in altering their reactivity 
and physical properties. The metal-nitrogen distances in porphyrins are sensitive 
to conformational changes in the macrocycle, shorter distances reflect increased 
distortions. We present here a comparison of the Ni-nitrogen distances for a series 
of Ni(I1) porphyrins as determined by EXAFS and single crystal X-ray defraction. 
The porphyrins studied have meso substituents which increase in size from methyl 
(1) < prowl 6 2) < isopropyl (3) < tert-butyl (4). 

The N&N istances from solution EXAFS for 1 and 2 are on the average 0.06 
shorter than the single-crystal X-ray and EXAFS distances. For this series the Ni-N 
distances decrease as the size of the meso groups increase. Steric interaction with 
the larger meso substituents and the macrocycle causes the porphyrin to distort. 
Comparison of the solution and single-crystal results for 1 and 2 confirm that these 
porphyrins have multiple conformations of similar energy in solution and in the solid 
state. Some care must be used when extrapolating single crystal x-ray defraction 
results to the macrocycles conformation in solution or in the biological systems. 

Compound R #., EXAFB R (ifi, X-ray 
1 1.91 1.953 
2 1.90 1.957 

1.96* 
3 1.91 1.896 
4 1.84 “I 

* single crystdl EXAM. 
Figure 1. 

* This work was supported by the Division of Chemical Sciences, U.S. Department of 
Energy, Washington, D.C., under contract No. DEAC02-76CH00016. 

Single Crystal EXAFS Studies of Nickel(I1) Porphyrins 1 X19A 

M.W. Renner, J. Fajer, and K.M. Barkigia (BNL - Dept. of Applied Science), and 
L.R. Furenlid (NSLS) 

Metalloporphyrins are the prosthetic group in a variety of biological systems and 
the structure of these porphyrins are important in controlling their reactivity and 
physical properties. 

The metal-nitrogen distances are generally sensitive to conformational changes 
in the macrocycle, shorter distances reflect increased distortions. We present here 
a comparison of the Ni-nitrogen distances for a Ni(I1) porphyrin as determined by 
solution and single-crvstal EXAFS and compare these results with single crystal 
X-ray diffraction: - 

The crystal was oriented using a goniometer and measurements were taken in 
fluorescence mode usina a 13-element solid state detector. The structure of the 
Ni(I1 
are s h 

porphyrin studie;d and the XANES as a function of the crystal orientation 
own below. When varying the orientation of the molecular xy plane, which 

contains the nickel and four nitrogens, from perpendicular to parallel relative to the 
incoming beam polarization direction, the pre-edge decreases in intensity. These 
results provide proof that this transition has z character; it has been proposed to 
be a Is-4pz transition as in square planar copper compounds. 

Analysis of the EXAFS data reveals that the porphyrin has different solution 
and solid state conformations. The Ni-N distances in solution (1.90 A) are 0.06A 
shorter than the single-crystal X-ray (1.95’7 8, and EXAFS (1.96 A) distances. 
These differences might results from crystal pat 1, ‘ng forces or solvations effects. 

We conclude that one must be cautious when extrapolating single crystal X-ray 
diffraction results to solution conformations. 

6320 6330 0340 8350 6360 6370 8380 
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In situ XAFS Spectroscopic Studies of DCL Catalysts. . * 1 X19A 1 
Naresh Shah, Jianmin Zhao, Fulong Lu, Frank E. Huggins and Gerald P. Huffman 
(University of Kentucky) 

We have designed and constructed an in-situ cell for XAFS investigation 
of direct coal liquefaction (DCL) catalysts (figure 1). This design of cell can 

reproduce elevated temperature (up to 500 “C) and hydrogen pressure (up to 1800 
psig hydrostatic pressure) employed in the liquefaction reactors while letting a syn- 
chrotron generated x-ray beam pass through. 

Using this cell, several catalyst systems have been successfully examined: 
Black thunder coal ion-exchanged using iron acetate solution to get 3.78 wt.% !F 

1) 
e 

loading, 
b Canyon ( 
2) 5 wt.% of binary ferrihydrite catalyst (containing 5 wt.% SiOz) in Blind 

ECS-17 
Blind Canyon (D E? 

coal and (3) 5 wt.% of citric acid treated ferrihydrite catalyst in 
CS-1’7) coal. All three iron-based catalyst systems investigated, 

exhibited transformation of the iron oxyhydroxide phase to pyrrhotite. The trans- 
formation temperatures were different for different systems. This transformation 
occurred over a range of temperature conditions. This lack of a sharp transition 
can be due to either (1) a nonhomogeneous transition within the sample matrix, 
i.e., some (smaller?) catalyst particles transform at a lower temperature and some 
at a little higher temperature, or, 

I, results clearly demonstrated that t 
2) there are more than one transformation. The 
e kinetics of the ferrihydrite to pyrrhotite trans- 

formation are dependent on the dispersion and the structure of the ferrihydrite. 

Figure 1. Schematic of the high pressure high temperature XAFS cell for in situ 
characterization of direct coal liquefaction (DCL) catalysts. 

F * Research supported by the U.S. Dept. of Energy under DOE Contract No. DE-FC22- 

5 
93PC93053 as a part of the researchprogramof the Consortium for Fossil Fuel Liquefaction 
Science (CFFLS) 

Characterization of the Zn in Xenopus Eggs * 1 X19A 

D.L. Tierney, R.J. Denver, and James E. Penner-Hahn (Univ of Michigan) 

In recent years, Zn has come to be recognized as an essential trace element in 
a tremendous range of biological functions [l], and has been suggested [2] to be 
a major regulatory ion in metabolism. For example, the pool of labile Zn (i.e., 
accessible to chelators), increases synchronously with the onset of apoptosis (active 
cell death) [3]. At the other end of the developmental spectrum, decreases m free 
Zn are teratogenic [4]. Despite the obvious importance of Zn, relatively little is 
known about the mechanisms by which it regulates cell growth and development. 

Eggs that develop in closed conditions (i.e., without the influx of maternal nutri- 
ents during development) must contain, at the time of fertilization, all of the metals 
that are necessary for development. Typical levels are ca. 1 mM Zn and 0.5 mM 
Fe, with lower levels of other essential trace elements [5]. We have recently shown 
that the average structure of the Zn in zebrafish eggs, as determined by XANES, 
changes during the early stages of development [6]. Following fertilization, but prior 
to the mid-blastula transition 
After the MBT, the average 8 

MBT): there is an increase in the white hne intensity. 
n envrronment is similar, but not identical, to that 

found in the unfertilized eggs. Recently, we have extended this work in an effort 
to determine if these spectral changes are similar across species. We used Xeno- 
pus (African clawed frog) eggs, since these have volumes that are nearly an order 
of magnitude larger than those of zebrafish eggs, thus permitting measurements on 
single eggs. The Figure shows difference XANES spectra for fertilized eggs after the 
MBT minus unfertilized eggs. It is clear that similar difference spectra are seen for 
fish and frogs. We are presently extending these results to characterize the detailed 
time dependence of the Zn structure. 

ti 
1 Vallee, B.; Falchuk, K. Physiol. Rev 1993, 73, 79-118. [2] Frausto da Silva, J.; 

W’ ams, R. In The Biological Chemistry of the Elements Clarendon Press: Oxford, 
31 Zalewski, P.; Forbes, I.; Seamark, R.; Borlin haus, R.; Betts, 
ard, A. Chemistry Biology 1994, 1, 153-161. 1 41 Hornvall, H.; 

Falchuk, K.; Geraci, G.; Vallee, B. Biochem. Biophys. Res. Commun. 1994, 200, 
1398-1406. 51 Nomizu, T.; Falchuk, K.; Vsllee, B. Mol. Reprod. Dev 1993, 36, 
419-23. [6] 4 alrath, L.; Tierney, D.; Penner-Hahn, J.; Berg, J. 1996, in preparation. 
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Figure 1. Difference XANES for eggs after MBT minus unfertilized. 

* Supportedin part by NSF IBN-9496321 to RJD & NIH GM-38047 to JEPH 
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Sulfonate Sulfur and not the Sulfide Sulfur Dominates the Compo- X19* 
sition of Marine Phytoplankton * 

Murthy A. Vairavamurthy, S. Wang, B. Khandelwal and B. Manowitz 

Living organisms play an important catalytic role in the environmental and geo- 
chemical transformations of sulfur, changing the chemical properties of sulfur com- 
pounds and their distribution in the atmosphere, soils, waters and sediments. In 
the oceans, sulfur transformations are largely mediated by phytoplankton which as- 
similate seawater sulfate as the sole sulfur source to make the reduced organic sulfur 
compounds. The biosynthesized organic sulfur in marine phytoplankton comprises 
0.5 to 1 basis, and includes a variety of functional forms. Major forms of this sul- 
fur include organic sulfides, sulfonium compounds, sulfonates, and sulfate esters. 
The relative quantitative composition of the various forms are not known. Several 
studies suggest that sulfonium compounds, particularly dimethylsulfonium propi- 
onate DMSP), constitute an important fraction of cellular organic sulfur in some 

\ phytop ankton species, but it is generally believed that sulfide sulfur is the dom- 
inant form. Recently, sulfonates were found to be a major class of compounds in 
near-surface marine sediments, constituting about 20-40 and phytoplankton debris 
was invoked as a possible source for their origin, among other potential mecha- 
nisms. A variety of marine algae are known to contain sulfonates, but if they are 
to be a major source of sedimentary sulfonates, then they must contain high lev- 
els of these compounds. In an attempt to better understand the composition of 
the different forms of sulfur in phytoplankton, we used x-ray absorption near-edge 
structure (XANES) spectroscopy for both qualitative and quantitative speciation of 
sulfur. Figure 1 shows XANES spectra of some phytoplankton species representing 
major types in the oceans, diatoms, dinoflagellates, premnesiophytes and chloro- 
phytes. We deconvoluted these spectra with spectra of model compounds to obtain 
quantitative information of the sulfur forms present. Our results show that the 
oxidized sulfonate sulfur and not the reduced sulfide sulfur as the dominant form 
of sulfur in phytoplankton. The presence of high concentrations of sulfonate-sulfur 
in phytoplankton suggests that the latter could be a major source of sedimentary 
sulfonates. Furthermore, the dominance of sulfonates suggests that they play an 
important role in the cellular biochemistry and physiology of marinephytoplankton, 
which are still unknown. 
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Figure 1. Sulfur K-edge XANES spectra of different types of phytoplankton 

* This work was supported by the U.S. DOE, Division of Engineering and Geosciences 
of the Office of Basic Energy Sciences under Contract No. DE-AC02-76CH0016. 

Di- and Polysulfide Cross Linking in the Formation of Humic Poly- X19A 
mers in Marine Sediments * 

M.A. Vairavamurthy, W. Zhou and B. Manowitz (BNL) 

Biogenic organic matter that was buried in sediments mostly under anaerobic 
conditions lead to the formation of fossil fuels after being subjected to a series of 
chemical transformations occurring over geological time. Important steps in these 
conversions include the initid formation of macromolecular sedimentary humic poly- 
mers from the biopolymers of aquatic plant and animal remains, and the subsequent 
but continuous transformation of the humic polymers to the petroleum-forming 
aquatic kerogen. It is believed that sulfur incorporation affects the preservation 
of organic matter, but the chemical mechanisms are not well understood. We used 
XANES spectroscopy to investigate whether di- and polysulfide linkages are involved 
in the formation of humic polymers in anaerobic marine sediments. The approach 
was to treat the humic acids with tributyl phosphine, a di- and polysulfide cleaving 
reagent., and to examine the changes in XANES spectra before and after treatment 
with trrbutyl phosphine. As Figure 1A shows for simple model compounds (ben- 
zyl disulfide and trisulfide), the shape of the XANES spectra change when treated 
with tributyl phosphine because of the formation of sulfhydryl groups. Figure 1B 
shows a similar effect for sedimentary humic acids isolated from a salt marsh in 
Shelter Island, suggesting that di- and polysulfide linkages are indeed involved in 
forming humic polymers in reducing marine sediments. We determined by liquid 
chromatography two major low-molecular-weight thiols, 3-mercatopropionic acid 
and methane thiol, among the compounds released from tributyl phosphine treated 
humics. According to previous studies, these thiols can be easily degraded by sed- 
imentary bacteria. However, both thiols were present as components of the humic 
substances throughout the sediment column, down to the 22 cm depth sampled, 
suggesting that incorporation into humic polymers, in fact, provides a mechanism 
for preventing mineralization of the bound organic matter. In general, humic poly- 
mers are resistant to microbial degradation because of their randomly polymerized 
structure. Thus, in reducing sediments, sulfur can play an important role in the 
preservation of sedimentary organic matter during early diagenesis by enhancing 
the formation of humic polymers through di- and polysulfide cross linking. 

Figure 1. 

* Supported by the U.S. DOE, Division of Engineering and Geosciences of the Office of 
Basic Energy Sciences under Contract No. DE-AC02-76CH00016. 



Investigation of Dislocation Distributions in InP single crystals Using 
Synchrotron White Beam X-ray Topography * 

x19C 

H. Chung, W. Si, M. Dudley, and V. Prasad (SUNY Stony Brook), A. Anselmo 
and D. F. Bliss (US Air Force Rome Laboratory) 

H. Chung and M. Dudley (SUNY Stony Brook), M. E. Brown and Mark D 
Hollingsworth (Indiana University) 

Synchrotron White Beam X-ray Topography (SWBXT) has been applied to in- 
vestigate dislocation distributions in a transverse cut InP wafer grqwn by the liquid 
encapsulated Kyropoulos (LEK) technique. Our preliminary results reveal that the 
dislocation density is higher near the periphery and the middle of the crystal and 
reaches a minimum in the intermediate area. Figure 1 is an enlargement of a trans- 
mission X-ray topograph recorded near the periphery of the crystal. As revealed 
by the image, a dislocation network with uniform density is evidenced. Since the 
dislocation density is at just about resolution limit, a dislocation density of approx- 
imately 10’ cm-’ can be deduced from the topograph. In contrast to Figure l(a), 
Figure l(b) is a transmission X-ray topograph recorded from the intermediate region 
of the sample showing a very low dislocation density, in which individual disloca- 
tions (D) were clearly discerned. Since dislocation propagation and multiplication 
can occur when thermal stresses induced by thermal gradient during crystal growth 
and post-growth cooling processes are higher than the critical resolved shear stress 
(CRSS), our observations strongly suggest that a high level thermal stress is con- 
centrated in the periphery and the middle of the crystal. Therefore, an optimization 
of thermal conditions is expected to be important to the reduction of dislocation 
density in these crystals. 

In the urea inclusion compounds, the hexagonal host (urea) structure contains lin- 
ear, parallel, non-intersecting channels (tunnels) with guest molecules closely packed 
along the channels. The periodic repeat distance (cg of guests is incommensurate 
with the periodic repeat distance ch) of the host 

6 
al 

axis). The structural properties 
ong the channel-axis (i.e., c- 

an , especially, the packing arrangements of guest 
molecules in these incommensurate channel inclusion compounds are of interest. 
In the study presented, Synchrotron White Beam X-ray Topography (SWBXT) is 
applied to investigate structural 
molecules in 2,12-tridecanedione P 

roperties and interchannel arrangements of guest 
urea inclusion compounds. Figure 1 shows a Laue 

diffraction pattern recorded from the sample. As revealed by the pattern, the crystal 
contains two sets of domains, each set showing 3-fold symmetry. The orientations 
of the two settings are related by 180’ rotation about the c-axis. This observation 
reveals that the B-fold symmetry of the host structure is reduced to two sets of 
3-fold symmetry. Figure 2 (a) and (b) are enlarged X-ray topographs showing the 
detailed structures of these two settings. Our observations strongly suggest that 
the guest molecules can adopt rhombohedral packing arrangements, i.e. obverse 
and reverse settings. The structural requirements for the formation of this kind of 
twinning are still under investigation. 

Figure 1. 

4d * Acknowledgments: Research carried out under auspices of the AFlPA/AFOSR Con- 

i 
sortium of Crystal Growth Research (Contract No. F496209510407), work performed on 
the Synchrotron Topography Project, Beamline X-19C. 

Characterization of structure defects in 2,12-Undecanedione/Urea 
single crystals by Using Synchrotron White Beam X-ray Topography X19C 
* 

1 
Figure 1. 

.,. , a 

* Acknowledgements: Work performed 
on the Synehroiron Topography Project, 
Beamline X-19C. 
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Figure 2. 
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g Studies of Twinning in 2,10-Undecanedione/Urea Inclusion Corn- xlgc 

pounds Using Synchrotron White Beam X-ray Topography * 

H. Chung and M. Dudley (SUNY Stony Brook), M. E. Brown and Mark D. 
Hollingsworth (Indiana University) 

Twinning in 2,10-undecanedione/urea was investigated by using Synchrotron 
White Beam X-ray Topography (SWBXT). X-ray transmission topographs recorded 
from different regions show that the crystal is divided into five twin-related regions. 
Each region in the crystal is revealed on the topographs by orientation contrast aris- 
ing from the mutual misorientation of adjacent regions. Using a combination of pin- 
hole Laue pattern analysis and topographic orientation contrast analysis, the twin 
operation was determined. The twin structure in this specimen can be represented 
using stereographic projections as shown in Figure 1. In this figure, the orientation 
relationships of these twin related regions are revealed; the contact points of these 
projections label the poles of the composition planes. The rotation angle, which 
would be exactly 60’ if it were hexagonal, ranges from 59.1’ ++o 61.8’, a~5 det_er- 
mined by measuring the angles between the [OlO]-[130], [130]-[130] and [130]-[OlO] 
directions from pinhole Laue diffraction patterns. 

Figure 1. 

* Acknowledgements: Work performed on the Synchrotron Topography Project, Beam- * Acknowledgements: Work performed on the Synchrotron Topography Project, Beam- 
line X-19C. line X-19C. 
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Synchrotron White Beam X-ray Topography Characterization of 
Structural Defects in 2,10-Undecanedione/Urea Inclusion Corn- Xl% 
pounds * 

H. Chung and M. Dudley (SUNY Stony Brook), M. E. Brown and Mark D. 
Hollingsworth (Indiana University) 

Twin structures in a crystal of the urea inclusion compound (UIC) of 2,10- 
undecanedione were investigated using Synchrotron White Beam X-ray Topography 

I 
SWBXT). Twin configurations, directly observed via orientation contrast, were 
ound to comprise both large-volume, macroscopic twins and thick twin lamellae. 

Upon detailed analysis, one can find that there were five superimposed diffraction 
patterns in the crystal studied. This observation indicates that the crystal was 
divided into five twin-related regions (indicated by Tr to Ts) with different rela, 
tive orientations. Other defects such as inclusions and dislocations (indicated as I 
and D, respectively) were also observed. Detailed analysis of contrast variations of 
dislocations in different reflections shows that the dislocations are out of contrast 
when reflections with g vectors perpendicular to their line directions are used. By 
using the g . b=O criterion, one can determine that these dislocations are of screw 
character with Burgers vector parallel to the [130] direction. 

J 

Cimm 

Figure 1. 
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Characterization of Structural Defects in HgCdTe Epilayers by Using 
Synchrotron White Beam X-ray Topography * 

xlgc 

H. Chung and M. Dudley (SUNY Stony Brook), Sanghamitra Sen (Hughes Santa 
Barbara Research Center) 

An LPE grown HgCdTe (MCT) 1 a er on a (111) CdZnTe y 
been studied by using Synchrotron White Beam X-ray 
sample was step etched to leave regions with epi thicknesses 
microns. Figure 1 a)shows an X-ray topograph recorded in reflection geometry. 

6 A well-defined cross atch pattern extended through the thickness of the layer to 
within 4.5 microns from the substrate. In the crosshatch-free region, a mosaic pat- 
tern was observed. From detailed investigations of the structure of cross hatching, 
one can find that the pattern comprises slip band networks lying along the three 
<llO> directions. Figure 1 (b) h 5 ows an enlarged X-ray topograph in which in- 
dividual dislocations are clearly visible. By calculating the projected length and 
directions of dislocation segments in different reflections, one can determine that 
these dislocations belong to the [Oll]/(lll) slip system. Perhaps due to the influ- 
ences of interdiffusion of substrate and layer components and the resulting mismatch 
between the substrate and the grown layer, the two regions with epi thickness of 
0 and 3 microns, respectively were highly strained. It is also worth noting that 
defects such as a 180“ rotation twin (T) and Te precipitates (P) and the associ- 
ated prismatic punching of dislocation loop5 in star-like patterns are also revealed 
on Figure 1 (a). F rom the distribution of the cross-hatching which initiates from 
the periphery and propagates into the interior of the sample, one can expect that 
slip processes occur to relieve stresses concentrated at the periphery of the wafer 
induced either by thermal gradients or by the mechanical fasteners which support 
the wafer. 

Synchrotron White Beam X-ray Topography Studies of Interfacial 
Dislocations in SiGe/Si Heterostructures * x19c 

H. Chung and M. Dudley (SUNY Stony Brook), J. Wu (General 1nstrument)t) 

Synchrotron White Beam X-ray Topography (SWBXT 
study of growth defects in SiGe/Si heterostructures. In t h 

has been applied to the 
e present study, a 15pm 

SiGe thin film grown on the (100) Si substrate is investigated. In Figure 1 (a), a 
transmission X-ray topograph recorded by using (040) reflection shows two sets of 
well defined misfit dislocations, Dr and Dz, running parallel to the [Oil] and [Oli] 
directions, respectively. It is also observed that these dislocations are out of contrast 
when reflections with g vectors parallel to the dislocation line directions are used. 
By using the g . b=O criterion, these misfit dislocations_ are determined to be of 
edge in character with Burgers vectors parallel to the [Oil] and [Oil] directions. To 
investigate the misfit dislocation depth distribution, section X-ray topography was 
also employed. Figure 1 (b) shows a section topograph recorded from the central 
region of the sample. A extensive dark region with a thickness of approximately 
15 pm from the top surface is observed. This area corresponds to the position of 
the SiGe epilayer. This observation strongly suggests that the as-grown thin film 
is highly strained. Moreover, irregular linear features (indicated by L) arising from 
severe lattice distortions in the region near to the surface layer were also observed. 
The development of a better understanding of the origin of the lattice distortions 
is needed to improve the crystslline quality of these as-grown SiGe thin films. 

Figure 1. 
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ii Characterization of Growth Defects in THM grown HgCdTe Single xlgc 

Crystals by Using Synchrotron White Beam X-ray Topography * 

H. Chung, B. Raghothamchar, and M Dudley (SUNY Stony Brook), D. C. Gillies 
(NASA Marshall Space Flight Center) 

Structural defects in Travelling Hearter Method (THM)grown Hgo.sCde.zTe sin- 
gle crystals have been investigated using Synchrotron White Beam X-ray Topog- 
raphy (SWBXT).F g i ure 1 shows an X-ray reflection topograph 
recorded from a THM 

7 
ii rown MCT sample. Defects such as sma 

g=335, X=0.82A) 
angle tilt bound- 

aries (SB), inclusions I), surface scratches (S) and a microcrack (C) were char- 
acterized. It is worth noting that no twins nor lattice distortions associated with 
inhomogeneous strain is observed. Our observations reveal that the MCT crystal 
exhibit a very high crystalline quality. 

Studies of Interface Demarcation and Structural Defects in Ga 
Doped Ge Single Crystals Using Synchrotron White Beam X-ray X19C 
Topography * I I 
H. Chung, B. Raghothamachar, and M. Dudley (SUNY Stony Brook), M. Licht- 

ensteiger and D. C. Gillies (NASA Marshall Flight Center) 

Synchrotron White Beam X-ray Topography (SWBXT) has been successfully ap- 
plied to characterize marked growth interfaces in Ga doped Ge single crystals. The 
techniques employed in interface demarcation include modifications of cold zone 
temperature, mechanical pulsing and Peltier pulsing. As revealed by our obser- 
vations, the visibility of a marked growth interface is a sensitive function of the 
diffraction conditions. A combination of the correct orientation of the active recip- 
rocal lattice with respect to the interface plane and the necessary strain sensitivity 
controlled by the rocking curve width of the reflection proves to be the prerequisite 
for interface visibility. This prerequisite can easily be achieved by using synchrotron 
radiation since the tunability of the synchrotron source provides great flexibility in 
the choice of proper diffraction conditions. Moreover, the wide spectral range in 
the synchrotron source enables multiple topographic images to be recorded in a 
single exposure. Abundant information concerning defect structures in the crys- 
tal is also obtained. Figure 1 shows a topograph recorded from a Ga doped Ge 
crystal. Growth interfaces (I) d in uced by Peltier pulsing are clearly visible. Other 
defects such as small-angle tilt boundaries (SB), precipitates (P) and dislocation 
cell structures (C) were also observed. Direct evidence of dislocations present in the 
seed crystal propagating into the as-grown crystal through the melt-back interface 
during crystal growth was also obtained. 

Figure 1. Figure 1. 

* Acknowledgements: Work performed on the Synchrotron Topography Project, Beam- 
line X-19C, and supported by NASA Marshall Space Flight Center under Grant No. NCCB- 
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Studies of Defect Structures in PVT grown CdZnTe single crystals X19C 
Using Synchrotron White Beam X-ray Topography * I I 

Synchrotron White Beam X-ray Topography Characterization of x19C 
Twin Structures in Vapor Grown CdZnTe Single Crystals * I I 

H. Chung, B. Raghothamachar, and M. Dudley (SUNY Stony Brook), W. Palosz 
and D.C. Gillies (NASA Marshall Space Center) 

A (111) Cdl-=Zn,Te (x=0.2) sample cut from a boule grown by PVT method 
thinned down to the thickness of 200,um was characterized by using Synchrotron 
White Beam X-ray Topography (SWBXT). F’g 1 me 1 shows an X-ray topograph 
recorded in reflection geometry. Defects such as twins (T), precipitates (P), cracks 
(C) were observed. Two types of subgrain boundaries (SBr and SBs) were also 
characterized. The first type comprise of dislocation cell structures with subgrains 
of 50 to 200 ,um in width. The second type, which are long and straight, run mainly 
parallel to the crystallographic <llO> directions. The formation of dislocation cell 
structures is attributed to dislocation glide and climb caused by thermal-gradient 
-induced stresses generated during crystal growth. The second type can be formed 
by the poly 

f 
onization of slip dislocations generated during the post-growth cool- 

ing process. 1,2] These observations indicate that thermal stresses induced during 
crystal growth and postgrowth cooling processes can play an important role in the 
development of defect structures in as-grown crystals. 

111 S. McDevitt, B. E. Dean, D. G. &ding, F. J. Scheltens and S. Mahaian, 
Mater. Lett. 4, li, (1986). - -’ 

[2] K. Durose and G. J. Russell, J. Cryst. Growth, 86, 471 (1988). 
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Figure 1. 

H. Chung, B. Raghothamachar, and M. Dudley (SUNY Stony Brook), W. Palosz 
and D.C. Giies (NASA Marshall Space Flight Center) 

CdZnTe which crystallizes in the sphalerite structure is prone to twinning. Twin- 
ning can occur through growth accidents resulting from fluctuations in growth rate 
and mechanical deformation such as wall contact. In this study, twin structures in 
PVT grown Cdl-,Zn,Te (x=0.04 single crystals have been studied in detail using 
Synchrotron White Beam X-ray 4 opography 

I, rate during sublimation, twins appear with hig 
SWBXT). Due to a high transport 
er probability in vapor grown crys- 

tals than in Bridgman grown material. Figure 1 is an X-ray topograph recorded 
in reflection geometry. Extensive twin structures comprising both large-volume 
macroscopic twins and thick twin lamellae, were observed. From detailed analysis 
of the Laue diffraction pattern recorded from these regions, one can determine that 
these regions are related to the matrix by a successive 180’ rotation about the [lli 
direction. Other defects such as slip bands S), precipitates (P , cracks (C) an 
surface scratches (X) 6 

d 
were also observed as s own in Figure 1. ? t is worth noting 

the irregular distributions of slip bands across twin boundaries indicating that the 
twinning process may have occurred earlier than the slip process and that the twin 
boundaries may act as barriers to dislocation motion. Similar phenomena were also 

F. R. Szofran 

Figure 1. 
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Studies of Twinning in LEK Grown InP Single Crystals by Using x19c 
Synchrotron White Beam X-ray Topography 

H. Chung, W. Si, M. Dudley, and V. Prasad (SUNY Stony Brook), A. Anselmo 
and D.F. Bliss (US Air Force Rome Laboratory) 

InP is the basic material for long wavelength optoelectronic devices. Its impor- 
tance for high frequency devices also increases continuously. Their applications lead 
to an increasing demand for InP substrates of high crystalline quality, i.e., twin-free 
and low dislocation density. Extensive attention is paid to suppress the occurrence 
of twinning. However! due to a low stacking fault energy, InP crystals have a very 
strong tendency to twin. In spite of the growth twin-free crystals has been reported, 
it is still difficult to develop a set of growth conditions which can reproducibly pro- 
duce twin-free crystals. In this report, Synchrotron White Beam X-ray Topography 
(SWBXT 
grown In I! 

has been applied to study twins in liquid encapsulated Kyropoulos (LEK) 
single crystals. Figure 1 is a highly magnified transmission X-ray to- 

pograph showing a long, thin twin lamella. From detailed analyses of the Laue 
diffraction patterns recorded from this region, one can determine that the twinned 
region is related to the matrix by a 180’ rotation about the [iii] axis. The surface 
normal of the twin related region is parallel to the [ZZ] direction. Figure 2 is a 
series of stereographic projections showing the twin operation. 

Acknowledgments: Research carried out under auspices of the ARPA/AFOSR 
Consortium of Crystal Growth Research 
formed on the Synchrotron Topography 6 

Contract No. F496209510407), work per- 
reject, Beamline X-19C. 

Figure 1. Figure 2. 

CHARACTERIZATION OF DEFECT STRUCTURES IN (111) 

I I SC-SIC SINGLE CRYSTALS BY SYNCHROTRON TOPOGRA- X19C 
IPHY * 

W. Huang, M. Dudley (SUNY at SB); C. Fazi (Army Research Lab) 

3C-Sic possesses high low-field electron mobility, which could potentially be ex- 
ploited to produce devices and circuits for microwave power and other applications. 
However it is hard to obtain device quality BC-Sic single crystals. Recently, syn- 
chrotron white beam x- ray topography has been used to study (111) 3C-Sic single 
crystals grown by a novel technique. Results show that the quality of these crystals 
is sufficiently good for device fabrication. Figure l(a) is a transmission topograph 
recorded from a such crystal. Pendellosung fringes near the edges of the crystal, 
marked by P, indicate the high quality of the crystal. Major types of defects are 
found to be stacking faults on 111 planes, indicated by SF! inclusions., indicated by 
I, and dislocations, including growth dislocations and partial dislocations bounding 
stacking faults, indicated by GB and PB, respectively. Double positioning twins 
are also revealed, as shown in figure l(b), which is recorded from the same crystal. 
From detailed analysis carried out using a combination of Nomarski interference 
microscopy and white beam x-ray topography in both transmission and reflection 
geometries, the double positioning twins are found to be in a layered configuration. 
This kind of structure decreases the influence of the double positioning boundary 
(DPB) on device performance and as such is tolerable. 

. 
a b ____ _____-___- - _---- .._. . 

Figure 1. Transmission synchrotron topographs recorded from (111) SC-Sic crystal 

* Acknowledgements: Work performed on the Syncbrotron Topography Project Beam- 
line X-19C, supported by U.S. Army Research Laboratory under grant No. DAAL02-92- 
R-914’7/2FE425 and U.S. Army Research Office under grant numbers DAAH04-94-G-0091 
and DAAH04-94-G-0121. 



APPLICATION OF SYNCHROTRON WHITE BEAM MULTIPLE 
DIFFRACTION LINE ANALYSIS IN MEASUREMENT OF CUR- 
VATURE OF SINGLE CRYSTALS INDUCED BY LATTICE MIS- 
MATCH * I x19c 

W. Huang, M. Dudley (SUNY at SB); J. Parsons (Oregon Graduate Institute); C. 
Fazi (Army Research Lab.) 

Multiple diffraction lines appear in synchrotron x-ray topographs in bent crystals 
or epitaxially grown single crystals. These multiple diffraction lines can be inter- 
preted according to the dynamical theory of x-ray diffraction as equal-inclination 
fringes. Since they are sensitive to small deformations in the crystal lattice, multiple 
diffraction line analysis can be used to measure the deformation field induced by 
bending or deposition of thin films. Figure l(a) shows a transmission topograph 
recorded from a GH-SiC wafer with 3C-Sic thin film grown on it. Since there is a 
lattice mismatch between the substrate and epilayer, residual stress exists in this 
wafer. Some narrow strips, or multiple diffraction lines which are indicated by ar- 
rowheads, with relatively lower intensity are visible. The position of the multiple 
diffraction lines changes when the crystal is rotated, as shown in figure l(b). The 
movement of these lines as a function of crystal rotation represents the curvature of 
the crystal so that the deformation field can be calculated. Additional strain fields 
induced by inclusions, indicated by I, are also visible. 

Figure 1. 

CHARACTERIZATION OF DEFORMATION IN SINGLE CRYS- 
TALS BY SYNCHROTRON WHITE BEAM ABSORPTION X19C 
EDGE CONTOUR MAPPING * 

W. Huang, M. Dudley (SUNY at SB); J. P arsons (Oregon Graduate Institute); C. 
Fazi (Army Research lab.) 

Residual stresses due to lattice mismatch between epitaxial layers and substrates 
can greatly affect the microelectronic performance of a device. Measurement of the 
curvature induced in a wafer by the stress in a thin film has long been used as a 
convenient and accurate technique for the determination of the deformation field. In 
this work, synchrotron white beam absorption edge contour mapping is employed to 
determine the curvature in a GH-Sic wafer with a 3C-Sic epitaxial layer. Because of 
its high contour resolution and the high efficiency of data collection, this technique 
is considered to be superior to monochromatic x-ray contour mapping. A MO filter, 
with an absorption edge at 0.618 A, has been used so that there is an abrupt 
change in spectrum intensity. When the specimen is properly oriented with respect 
to the incident beam, a variation of observed contrast occurs when the range of 
diffract wavelengths span the absorption edge of the filter, forming an absorption 
edge contour. Upon rotation of the crystal a new crystal position will reflect at the 
absorption edge and a new contour appears, as shown in figures l(a through (d). 
Figure l(e) shows an absorption edge contour map. The curvature o 2 the specimen 
can be calculated by measuring the displacement of absorption edge contours as s 
function of rotation angle and the in plane strain field can be solved from several 
contour maps recorded in different diffraction conditions. This technique could 
potentially be used in the real time recording of stress formation and relaxation. 

Figure 1. 

* Acknowledgements: Work performed on the Synchrotron Topography Project Beam- 
line X-19C, supported by U.S. Army Research Laboratory under grant No. DAAL02-92- 
R9147/2FE425 and U.S. Army Research Office under grant numbers DAAH04-94-G-0091 
and DAAH04-94-G-0121. 
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MEASUREMENT OF RESIDUAL STRESS IN SINGLE CRYS- 
TALS BY SYNCHROTRON WHITE BEAM DIVERGENCE X19C 

1 ANALYSIS * 

W. Huang, M. Dudley (SUNY Stony Brook); J. Parsons (Oregon Graduate Insti- 
tute); C. Fazi (U.S. Army Research Lab.) 

The deposition of epitaxial layers and metallization layers often induces residual 
stresses which may result in device failure. Therefore the characterization of stress 
and strain fields in thin films and substrates is important in device fabrication. 
Synchrotron white beam topography, which is commonly used to image individual 
defects and defect distributions, can also be used in quantitative Bragg angle map- 
ping. This technique has been used to measure the stress and strain fields in GH-Sic 
single crystals with 3C-Sic thin films grown on them. Figure l(a) shows transmis- 
sion diffraction images recorded from the crystal with the film at x-ray exit surface 
and figure l(b) shows the quantitative Bragg angle map. Figure l(b) was recorded 
by multi-exposure using an x-ray beam of 0.5mm by 5mm in size to image different 
positions in the crystal. The Bragg angle of each intersection of diffracted lines can 
be measured. Larger film-specimen distance leads to higher measurement accuracy. 
Since there is a non-uniform deformation field in the crystal., the variation in Bragg 
angles is visible. The deformation in the film covered area 1s different from that in 
the film free area. A combination of white beam absorption edge contour mapping 
and quantitative Bragg angle mapping allows the residual stress and strain field be 
calculated. An accuracy in A d / d of lo-’ can be achieved. 
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Figure 1. 

OBSERVATION OF DISLOCATION CONTRAST REVERSAL xlgc 
INDUCED BY STRAIN FIELD * 

W. Huang, M. Dudley (SUNY at SBB); J. P arsons (Oregon Graduate Institute); 
C. Fazi (Army Research Lab.) 

Synchrotron white beam x-ray topography has been used to study GH-SiC wafers 
with 3C thin films grown on them. Figure l(a) is a reflection topograph recorded 
from a such wafer. The penetration depth is large enough to reveal information from 
both film and substrate. It shows that the contrast from dislocations in the film- 
covered region is different from that in film-free regions. The same phenomenon can 
be observed in the transmission topograph shown in figure l(b). Close observation of 
the boundary between the film-covered and film-free regions shows that the overall 
diffracted intensity from the film-covered area was enhanced These area contrast 
differences may be attributed to the substrate strain field associated with the thin 
film. The diffracted intensity from the film- free region was near the value calculated 
for a perfect crystal, and it increased with the lattice strain up to almost the value 
calculated for an “ideally imperfect” crystal, for which the diffracted intensity is 
proportional to Fh2 instead of Fh. The intensity of the dislocations is between 
these values so that the dislocations appear to be dark in the film-free region and 
light in the film-covered region. This means that the thin film region is highly 
strained. 

This result has been proved by the measurement of rocking curve widths of film 
area and substrate area. The rocking curve width of the film region is much larger 
than the theoretical perfect crystal value. 

Figure 1. (a) Synchrotron reflection topograph and (b) transmission topograph 
showing dislocation contrast reversal. 

* Acknowledgements: Work performed on the Synchrotron Topography Project Beam- 
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R-9147/2FE425 and U.S. Army Research Office under grant numbers DAAH04-94-G-0091 
and DAAH04-94-G-0121. 
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Surface segregation and layering in the liquid-vapor interface of a 
dilute bismuth:gallium alloy 

Ning Lei, Zhengqing Huang and Stuart A. Rice (U. of Chiago) 

The atomic density distribution normal to the liquid-vapor interface of a bis- 
muth: gallium mixture (0.18% Bi and 99.82% Ga in mole) has been studied by the 
measurement of the x-ray specular reflection in the range of qr E [0.3 , 2.6 A-11. 
The reflection curve, measured at temperature N 25’C, after devision by the theo- 
reticsl Fresnel reflectivity factor for gallium, is shown as circles in Fig. a. We can fit 
the data very well to a complete bismuth monolayer on top of bulk liquid gallium, 
and the fit is shown in solid line in the figure. The vertical atomic density profile 
obtained from the fit is shown in Fig. b. Besides the reflection measurements, our 
in-plane data show that there is a bismuth liquid peak plus liquid gallium scat- 
tering, and thus reproduce the data obtained earlier by our group. Measurements 
have been carried out at three temperatures. Our current work is on the surface 
structure in the gallium:tin alloy system. 
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Figure 1. (Left) Circles denote the experimentally obtained specular reflection after 

P 
divided by the theoretical Fresnel reflectivity for gallium. The solid line denotes the 

5 

fit to a complete bismuth monolayer on top of bulk of liquid gallium. (Right) The 
atomic distribution to the interface, obtained from the fit. 

Characterization of X-ray Spatial Coherence and Its Propagation 1 x19c 

B. Lm, M. Meron, P. J. Viccaro (U of Chicago), M. L. Schlossman, S. Williams 
(U of IL, Chicago) 

X-ray beams of varying degrees of partial spatial coherence have been prepared 
and characterized by using two slits, and the diffraction of these beams from opti- 
cal gratings have been measured. The experiments were carried out at a bending 
magnet source at the NSLS (X-19C). Th e resulting diffraction patterns for optical 
gratings are analyzed in terms of an x-ray mutual coherence function, used to de- 
scribe the propagation of the coherent wavefront in the visible light regime. The 
diffraction and speckle pattern from the surface are the result of the mutual co- 
herence function describing the degree of partial coherence of the beam convoluted 
with the interference function of the grating. We show that the speckle patterns 
formed from partially coherent wavefronts contain relevant information concerning 
the interference function characterizing the grating surface. 

Forming diffraction patterns, or x-ray speckles, with partially coherent x- rays as 
a probe of the surface relaxes the requirement for the interference, therefore gaining 
in the “effective” coherent flux. In addition, detailed knowledge on the propagation 
of the spatial coherence of x-rays aids in defining the physical characteristics of 
optical elements in the beamline which must preserve the coherence wave front of 

Figure 1. Fraunhofer diffraction pat- 
terns measured from two vertical slits; 
the first slit is 3.5 meter upstream of 
the second slit. The size of the sec- 
ond slit was varied from 0.5 microns to 
20 microns while the first slit was fixed 
at 50 microns. The solid lines are fits 
of data (represented by the diamonds) 
to an intensity function which is the 
Fourier transform of the coherence func- 
tion (shown in Fig. 1) multiplied by 
the autocorrelation function of the sec- 
ond slit. 
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Figure 2. The mutual coherence function 
defined by the two slits depicted in Fig. 
1.; it describe the degree of partial (spa- 
tml) coherence as a function the second 
slit with the first slit fixed. 
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Characterization of structural defects in ZnSe by synchrotron white xlgc 
beam x-ray topography * 

B. Raghothamachar, H. Chung, M. Dudley,(SUNY at Stony Brook), B. Fitzpatrick 
(Optical Semiconductors, Inc.) 

ZnSe is an important II-VI semiconductor possessing a large direct energy band 
gap and therefore, good electroluminescence which makes it a candidate material 
for light emitting diodes and lasers. However, defects such as dislocations, twins, 
subgrain boundaries, etc. which can be routinely introduced in the crystal during 
growth can be potentially detrimental to device performance. Hence, identification 
and characterization of defect structures in this material is of paramount impor- 
tance. Synchrotron white beam x-ray topography has been used to study structural 
defects in ZnSe crystals. Figure 1 shows a reflection topograph taken from a ZnSe 
single crystal grain. In the lower regions of the figure, we can see several white 
bands which are actually regions of zero intensity caused by orientation contrast. 
This occurs because of the presence of several microtwins. Microtwinning occurs 
at the high growth temperatures used, due to the small differences of free energy 
between zinc blend and wurtzite structures, and temperature fluctuations. Contin- 
uous phase transformation between these two structures results in change in the 
stacking sequence in the [ill] d irection leading to twinning. Figure 1 also reveals 
bands of zero intensity running across the microtwins. This orientation contrast is 
associated with subgrain boundaries which are formed during post growth cooling 
as a result of polygonization of dislocations. Upper parts of the figure reveal dis- 
tortion which is associated with inhomogeneous strain associated with a distorted 
lattice. This could again be due to temperature fluctuations. 

, 

Figure 1. Reflection topograph from a ZnSe single crystal grain showing microtwin- 
ning (T), subgrain boundaries (SB) and lattice distortion (A). 

* Work performed on the Synchrotron Topography Project, Beamline X19C. 

Studies on the influence of post solidification cooling rate on the 
crystalline perfection of CdZnTe single crystals by synchrotron white XISC 
beam x-rav toDonraDhv * 

B. Raghothamachar, H. Chung, M. Dudley, D. J. Larson Jr. (SUNY at Stony 
Brook) 

CdZnTe single crystals grown by the seeded Bridgman method in a microgravity 
environment aboard space shuttle flight USML-1 were examined by synchrotron 
white beam x-ray topography. The microgravity environment is expected to im- 
prove crystalline perfection because of the absence of hydrostatic forces and gravity 
driven convection. After growth, the CdZnTe boule was subjected to accelerated 
post solidification cooling down its length. Wafers sliced from regions cooled at dif- 
ferent cooling rates were examined by transmission topography. Figure 1 a) shows 
a transmission topograph recorded from a region cooled with a low I, coo ‘ng rate. 
The image shows the very low dislocation density, with individual dislocations 

I, capable of being resolved. The singular dark spots are Te precipitates (P) w 
D) 
ile 

the straight lines lying parallel to the [ilO] d irections are characterized as lamel- 
lar 180 ’ rotation twins(T) about the [iii] plane normal. Figure l(b) shows a 
topograph recorded from a more rapidly cooled region of the boule. It IS obvious 
that this regions exhibits a relatively higher dislocation density in addition to the 
presence of extremely fine Te precipitates. Due to the retrograde solubiity of Te in 
solid CdZnTe, supersaturation of Te results in precipitation during cooling. Clearly 
the dislocation density as well as the size and density of Te precipitates are strongly 
influenced by the cooling rate. In conclusion, higher cooling rates are deleterious to 
the crystalline perfection of CdZnTe single crystals. 

Figure 1. Transmission topographs (g = ii3, X = 0.42 A) recorded from different 
regions of a wafer sliced from a CdZnTe boule (a) from a slowly cooled region of 
the boule showing individual dislocations (D) and precipitates (P) and (b) from a 
rapidly cooled region of the boule. 

* Work performed on the Synchrotron Topography Project, Beamline X19C end sup- 
ported by NASA Marshall Space Flight Center. 



Surface topography studies of an as-grown boule of CdZnTe * 1 x19c 1 

B. Raghothamachar, H. Chung, M. Dudley, D.J. Larson Jr.(SUNY at Stony Brook) 

Synchrotron white beam x-ray topography was used to study the surface of an as- 
grown CdZnTe boule(GCRC-1) g rown in a quartz ampoule by the seeded Bridgman- 
Stockbarger method of crystal growth in a microgravity environment aboard space 
shuttle flight USML-1. Topography of the surface of the as grown boule, before 
cutting enables one to observe the true microstructure developed during the growth 
process, with no possibility of artifacts, for example due to polishing or cutting, to 
exist. In addition, effects due to thermal mismatch associated with rapid cooling as 
well as due to ampoule contact are likely to give rise to deformation microstructures 
concentrated near the periphery of the boule which is precisely the volume examined 
in surface topography studies. A reflection topographic image taken from the surface 
of the GCRC-1 boule is shown in Figure 1. Detailed examination of this image 
revealed extensive slip band networks(S) as well as high levels of surface strains 
in those regions that were in partial or full contact with the ampoule. Twins(T) 
appear to nucleate at regions of partial wall contact. Regions of no wall contact 
show a low defect density with little or no surface strain. Thermal stresses arising 
from rapid cooling as well due to ampoule wall contact are found to be the causes 
for these defect microstructures. Thus, surface topography of the boule is important 
in correlating the as grown deformation microstructure to the growth conditions. 

Figure 1. Reflection topograph recorded from the outer surface of GCRC-1 boule 
showing twins (T) and slip bands (S). 

Synchrotron x-ray topographic studies on the causes and nature of xlgc 
twinning in CdZnTe crystals * 

B. Raghothamachar, H. Chung, M. Dudley, D.J. Larson, Jr.(SUNY at Stony Brook) 

Synchrotron white beam x-ray topography has been used to characterise twin- 
ning in CdZnTe crystals. A wafer sliced from a CdZnTe boule grown by the seeded 
Bridgman-Stockbarger method in a microgravity environment was used for our stud- 
ies. Figure 1 (a) shows a synchrotron white beam x-ray reflection topograph which 
easily reveals the matrix and twinned regions by orientation contrast. Correlating 
the position of the wafer to the overall boule microstructure, it was found that the 
twin Tr nucleated from the shoulder region of the boule where a bubble is present. 
This clearly indicates that the nucleation of the twin occurred during growth due 
to disturbances at the growth interface caused by the changing diameter of the 
shoulder as well as the presence of the bubble. Figure l(b) and (c) show Laue back 
reflection topographs recorded from the matrix and twinned region (Tl) respec- 
tively, showing the orientations of these two re ions. The twinned region is related 
to the matrix by a 180’ rotation about the [ill axis. Similarly, the twinned region 7 
Tz is related to the matrix by 180’ rotation about the [ill] axis. Stress caused by 
ampoule wall contact could be the possible cause for the nucleation of twin Tz. 

Figure 1. (a)Synchrotron white beam x-ray topograph (g = 133, X = 0.98 A) 
showing twin related regions T1 and Tz revealed by orientation contrast. Laue 
back reflection patterns recorded from (b matrix and (c)twinned region T1 show 
that the twinned regions are related to t h e matrix by a 180’ rotation about the 
[ill] axis. 

* Work performed on the Synchrotron Topography Project, Beamline X19C and sup- 
ported by NASA Marshall Space Flight Center. 

* Work performed on the Synchrotron Topography Project, Beamline X19C and sup- 
ported by NASA Marshall Space Flight Center. 
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5 Synchrotron x-ray topography studies of formation of slip bands and 

subgrain boundaries in Bridgman grown CdZnTe single crystals * 
X19C 

B. Raghothamachar, H. Chung, M. Dudley, D.J. Larson Jr.(SUNY at Stony Brook) 

Wafers sliced from a microgravity grown CdZnTe boule(GCRC-1) were studied 
by synchrotron white beam x-ray topography. The reflection topograph shown in 
Figure l(a) taken from a wafer(#4) sliced f rom the middle of the boule, reveals two 
sets of lines running along the [ilO] and the [Oil] directions. These are slip band 
networks which are initiated at the peripheral regions and extend into the interior. 
By analyzing projected directions in different-recections, the-slip bands Sr and Sz 
can be characterized as belonging to the [101]/(111 and [Oll]/(lll) slip systems 
respectively. These slip bands are generated from t h e distorted region Ar caused 
due to stress by wall contact. A reflection topograph (Fig. l(b)) recorded from a 
wafer(#7) further down the boule shows, by orientation contrast, two sets of long 
and straight sub-grain boundaries running parallel to the [ilO] (SBr 

1 
and [Oil](SBz) 

directions respectively from the periphery to the interior. The over apping or sepa- 
ration of the images is attributed to the different senses of tilt between neighboring 
subgrains. During cool-down, dislocations undergo polygonization which involves 
dislocation movement by gliding and climbing to form energetically stable configu- 
rations of subgrain boundaries accommodating tilt orientation. 

Figure 1. (a)Reflection topograph from GCRC-1 wafer # 4 (g = 404, X = 0.98A , I 
howing the slip bands Sr and Sz. (b)R A t e ec ion topograph from GCRC-1 wafer id 
‘7 (g = 044, X = 0.76 it) h s owing sub-grain boundaries SBi and SBz. 

* Work performed on the Synchrotron Topography Project, Beamline X19C and sup- 
ported by NASA Marshall Space Flight Center. 

The Application of Synchrotron X-Ray Radiation to the Develop- x19c 
ment of Time Resolved Methods for the Study of RNA Folding 

B. Sclavi, M. Sullivan, M. Chance, M. Brenowitz (Albert Einstein College of 
Medicine), and S. Woodson (Univ. of Maryland) 

The radiolysis of water by high energy x-rays produces free electrons and hy- 
droxyl radicals. Hydroxyl radicals, which can break the phosphodiester backbone 
of DNA and RNA, have proven to be valuable reagents in the study of nucleic acid 
structure and protein-nucleic acid interactions. Irradiation of solutions containing 
32P labeled RNA by a high flux “white light” x-ray beam, X19C at NSLS, yields suf- 
ficient concentrations of hydroxyl radicals so that folding studies can be conducted 
with single basepair resolution at millisecond timescales. Preliminary studies of the 
Mgzt dependent folding of the Tetrahymena Sea I ribozyme are presented. This 
synchrotron based technology is a novel method with which to examine the time- 
resolved structural changes of nucleic acid conformation and protein-nucleic acid 
complexes. 

This work was supported by NIH grants RR 01633, GM 39929, 51506 and GM 
46686. 



Applications of absorption edge contour (AEC) mapping in Fe doped 
InP single crvstal wafers * 

x19C Investigation of defect structures in Sn doped InP single crystals by x19C 
synchrotron x-ray transmission topography * I I 

W. Si, H. Chung, M. Dudley, and V. Prasad (SUNY Stony Brook), A. Anselmo 
and D. F. Bliss (USAF Rome Laboratory) 

Among synchrotron white beam x-ray topography techniques, AEC mapping is 
a unique technique which can accurately determine the strain field distribution in a 
single crystal sample. It is based on the principle that when a deformed single crystal 
is irradiated by a white beam of synchrotron radiation, different areas of the crystal 
will diffract different wavelengths of x-rays available in the continuous spectrum 
of the incident beam. A significant variation of observed contrast occurs when the 
range of diffracted wavelengths spans the absorption edge (X,,,,) of the specimen or 
of a suitably chosen filter material which is inserted in the path of the beam. If an 
orientation is chosen such that a certain area of the sample will reflect wavelengths 
below that of the edge, the diffraction intensity will be correspondingly greatly 
attenuated; while in the other area of the sample, which reflects wavelengths above 
that of the edge, the diffracted intensity is only slightly modified. Upon rotation 
of the crystal by a known amount about a known axis, the positions which were 
diffracting at &se w ill select a new wavelength and consequently a new position 
will diffract at Xc&. In this way the distortion field in the crystal can be mapped. 
Preliminary results obtained from an Fe doped InP wafer are shown in Fig. 1, 
where g = 022, &dge = 0.443’71A, 0~ = 6.138’. In the figure, the frame denotes 
the incident beam size, and the absorption edge sweeps across the sample as the 
crystal rotates through 0.02’ steps. The sensitivity, (Ad/d), here is of the order of 
one part in 103. 

W. Si, H. Chung, M. Dudley, and V. Prasad (SUNY Stony Brook), A. Anselmo an 
d D. F. Bliss (USAF Rome Laboratory) 

Large size InP single crystals (Sn doped, concentration: 5.90x10’* atoms/cc) 
were grown by a high pressure, in-situ synthesis technique. (110) wafers (- 40 x 

‘70 x 1 mm3 were cut from the [OOl] 
d 

axis grown boule. Transmission geometries 
were adopte to characterize the defect structures in the crystals. Figure 1 shows 
transmission topographs, g= 220, X = 0.51 A, which shows a) precipitates (P) 
and dislocations (D), and (b) 6 a micro-twin lamella (T). The a sorption condition 
here is ,ut = 4.4, with X = 0.51 A, linear absorption coefficient /.L = 44.3 l/cm, and 
thickness t = 0.1 cm. Under such high absorption conditions, precipitates exhibit 
two-lobe black-white contrast, with the dark lobe on the side of positive g. This 
indicates that the lattice of the matrix around the precipitate is under tensjon. 
The micro-twin lamella (about 10 pm in width) is a 180’ rotation twin (f(ll1) 
twin planes). This long thin twin lamella originating from the seed, runs through 
the whole wafer, reiterating the importance of the examination of the seed crystal 
before crystal growth. 

Figure 1. 

* Acknowledgments: Research carried out under auspices of the ARPA/AFOSR Con- 
sortium of Crystal Growth Research (Contract No. F496209510407), work performed on 
the Synchrotron Topography Project, Beamline X-19C. 

Figure 1. 

* Acknowledgments: Research carried out under auspices of the ARPA/AFOSR Con- 
sortium of Crystal Growth Research (Contract No. F496209510407), work performed on 
the Synchrotron Topography Project, Beamline X-19C. 
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ii Study of defect distributions in S doped InP single crystals by syn- x19c 

chrotron x-ray reflection topography * 

W. Si, H. Chung, M. Dudley, and V. Prasad (SUNY Stony Brook), A. Anselmo 
and D. F. Bliss (USAF Rome Laboratory) 

High quality InP single crystals (S doped, concentration: 3.9Ox1O’9 atoms/cc) 
were grown by a high pressure, in-situ one-step synthesis technique. (110) wafers 
(- 40 x 60 mm2 in size, 1 mm thick) were sliced from the single crystal boule, 
with [OOl] as the pulling direction. For the synchrotron white beam x-ray topogra- 
phy, reflection geometries were adopted to characterize the defect distributions in 
the crystals. Both slip bands and growth striations were revealed. Figure 1 shows 
reflection topographs of a S-doped InP single crystal, 
reveals (a) slip bands (SB), and (b) growth striations f 

= 440, X = 0.74 A, which 
GS). Most slip bands were 

generated from the shoulder region of the boule, indicatin 
7 

that stress is concen- 
trated in this region. There are two sets of slip planes, 
traces of the intersection of f(M) 

f ill) and &(lil). The 

3.$12] and ic[ilZ] d’ 
and &(lil) with sample surface plane (110) are 

erections, respectively. Growth striations which are convex to 
the melt were found in some areas. The shape of the growth striation reveals the 
shape of the solid-liquid interface during crystal solidification, which can provide 
some useful information for the thermal modeling of the crystal growth process. 

Study of effect of magnetic field on Fe precipitates in Fe-doped InP x19C 
single crystals using synchrotron white beam x-ray topography * 

W. Si, H. Chung, M. Dudley, and V. Prasad (SUNY Stony Brook), A. Anselmo 
and D. F. Bliss (USAF Rome Laboratory) 

Semi-insulating Fe-doped InP is an ideal material for long wavelength optoelec- 
tronic devices and high frequency electronic devices. In the present study, high 
concentration Fe-doped InP single crystals have been grown using the magnetic liq- 
uid encapsulated Kyropoulos (MLEK 
field on Fe precipitates formed in In L 

method [l]. The effect of applied magnetic 
single crystals was investigated. A (110 

plane cut wafer (about 0.5 mm thick) was sliced from the [OOl] grown single 1 crysta 
boule. Figure 1 is a synchrotron white beam x-ray reflection topograph of the wafer, 
g = 440, X = 0.74 A, which shows slip bands (S), precipitates (P), and dislocation 
segments (D). The images of precipitates consist of two lobes separated by a line 
of no contrast which is perpendicular to the diffraction vector. This indicates the 
radial strain field associated with the precipitates. It is evident that at the areas 
where the magnetic field is turned off, there are a few large Fe precipitates, while at 
other areas where the magnetic field IS turned on, there is no Fe precipitates visible 
on the topograph. This clearly indicates that the magnetic field greatly enhances 
the uniformity of the Fe dopant distribution. 

[l]. D. F. Bliss et al, J. Crystal Growth, 128 (1993) 451-456. 

Figure 1. Figure 1. 

* Acknowledgments: Research carried out under auspices of the ARPA/AFOSR Con- 
sortium of Crystal Growth Research (Contract No. F496209510407), work performed on 
the Synchrotron Topography Project, Beamline X-19C. 

* Acknowledgments: Research carried out under auspices of the ARPA/AFOSR Con- 
sortium of Crystal Growth Research (Contract No. F496209510407), work performed on 
the Synchrotron Topography Project, Beamline X-19C. 
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Figure 1. Figure 1. 
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Observation of growth defects in GaInSb single crystal by syn- x19c 
chrotron white beam x-ray topography 

J. Su, H. Chung, M. Dudley (SUNY Stony Brook), D. DiMarzio (Grumman Corp.), 
D. Fletcher, W. Bonner (Johnson Matthey Electronicss) 

GaInSb single crystals with <111> growth axes have been studied by SWBXT, 
the special solid-liquid growth interfaces have been revealed in Figure 1. Unlike crys- 
tals with other growth axises, the interface of GaInSb crystal with <ill> growth 
direction developed a core region in the center. This is believed to be the (111) 
plane. At the periphery, the interface was the normal convex curves. As shown in 
Figure 1, the lateral extent of the core increases at the end of growth processing, 
and the boundary of the core becomes much rougher. This is caused by Indium 
composition. During growth processing, Indium was continuously rejected into the 
melt from the solid-liquid interface so that there was a higher Indium content at 
the end of growth, which can be shown in Figure 2. This means a higher degree of 
supercooling was needed to solidify. The growth rate, therefore, became slower at 
the end, this led to the increased extent of (111) facets. Indium concentration was 
measured in transverse direction in Figure 3, it clearly shows the core region has 
highest Indium concentration. 

Work performed on Synchrotron Topography Project Beamliine X-19C, and sup- 
ported by Johnson Matthey Electronics. 

Figure 1. Reflection topograph of the 
longitudinally cut GaInSb single crystal, 
g=(li2) X=0.52 A 

P 
2 

Figure 2. Indium content distribution 
along growth direction. 

Figure 8. Indium content distribution 
along transverse direction. 

Synchrotron white beam x-ray topographic investigation of growth x19c 
processing in GaInAs single crystal * 

J. Su, H. Chung, M. Dudley (SUNY Stony Brook), D. Fletcher, W. Bonner (John- 
son Matthey Electronics) 

GaInAs bulk crystal grown in <lOO> has been investigated by SWBXT. Using 
the scanning mechanism, a reflection topograph of the whole crystal was obtained. 
Figure 1 is an enlargement taken from this whole crystal image, where the growth 
striations clearly delineate the interface shape. These striations were formed due to 
periodic changes of indium concentration. Such small disorders in indium concen- 
tration may lead to the change of growth rate and perturb the solid-liquid interface, 
and more seriously it can break the thermal equilibrium at interface and lead to 
generate growth defects. In Figure 1, the onset of interface breakdown was clearly 
revealed, the instable convex interface undergoes sinusoidal perturbations(P) and 
eventually breaks down (the dark region). Dislocations (D) are observed to end or 
nucleate from this region. Figure 2 also shows a region of cellular growth (C). 

Figure 1. High magnification of reflec- 
tion topograph recorded from a GaInAs 
single crystal, g= (022) X=0.84. 

* Work performed on Synchrotron To- 
pography Project Beamline X-19C, and sup- 
ported by Johnson Matthey Electronics. 

Figure 2. Reflection topograph ob- 
taining a cellular structure. g= (022) 
A=0.84A. 
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2 Studies of quartz crystal bars using synchrotron white beam x-ray x19c 

topography * 

J. Su, M. Dudley (SUNY Stony Brook),T. McLelland, B. Goldfrank (Frequency 
Electronics Inc.) 

Quartz crystal ( -q a uar z resonators are an important part of modern commu- t ) 
nication and satellite navigation systems. Defects in these crystals can introduce 
detrimental frequency offsets. The sweeping process, which is electric-field driven, 
solid-state diffusion at elevated temperature, is applied to purify the crystals. X- 
ray reflection topography has been used to study the defects in swept synthetic 
quartz crystal bars which are used to make high precision SC cut quartz res- 
onators. The bars are of X and Z surface orientations, and have dimensions of 
182mmx18mmx15mm. Figure 1 shows reflection topographs of-X and -Z surfaces 
from one of bars. On the -X surface, dislocations (D) are clearly observed ., some dis- 
locations end at surface. In the -Z surface, the emergent ends of dislocatrons which 
may be decorated with impurities are revealed, also sweeping induced impurity ac- 
cumulations (IA) are visible on the surface. From the distribution of dislocation 
outcrops and their associated strains on the -X surface, it can be determined that 
the dislocations are nearly parallel to Z axis. 

Icm 

Sawyer Y bar # K064-1 -x surface, g= (611) h=0.38A. 

Comparison of quartz resonator bonding strain by synchrotron white 
beam topography * I I 

x19c 

J. Su, W. Si and M. Dudley (SUNY Stony Brook), T. McLelland and B. Goldfrank 
(Frequency Electronics Inc.) 

Manufacturing induced defects play an important role in quartz resonator de- 
vice yield. Bonding strain can be extremely deleterious to resonator performance. 
SWBXT is a non-invasive technique which is very suitable for the study of such 
defect distributions. Samples with different bonding process have been studied by 
SWBXT, those which have thermal compression (TC) bonding and those which 
have undergone epoxy bonding. Figures 1 and 2 show the reflection topographs of 
a resonator with TC bonding and a resonator with epoxy bonding. The bonding 
strain (S) is nearly invisible in Figure 1, but, in Figure 2, the bonding process in- 
duced larger strain fields (S) at the resonator periphery, and some strain field even 
extends into the central region, where is the active oscillating area of a precision 
resonator. This will inevitably influence the resonator performance. This work 
clearly shows that epoxy bonding process creates more strain than the TC bonding 
process. Dislocations (D) and electrode induced strain fields (ES) are revealed in 
the Figures. 

(b) 

Zmm 

Sawyer Y bar #I K064-I z surface, g=( 115) X=O.SZk 

Figure 1. Reflection topographs of-x and -Z surfaces from quartz bar K064-1, 

* Work performed on SynchrotronTopography Project: Beamline XlSC, and supported 
by Frequency Electronics Inc. 

Figure 1. Reflection topograph of a res- 
onator with TC bonding. 

* Work pcrfor=d on SyncI=otron To- Figure 2. Reflection topograph of a res- 
pography Project: Beamline X-l% SUP- onator with epoxy bonding. 
ported by Frequency Electronics Inc. 

. 
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X-Ray Topography and Fluorescence Microscopy of a Basal Cut 6H- 
Sic Wafer * 

x19C 

W. M. Vetter, M. Dudley (SUNY at Stony Brook). 

Super screw dislocations are the primary defect in commercial PVT GH-Sic single 
crystal wafers. Those with the largest Burgers vectors typically have optically 
visible cylindrical voids or “micropipes,” coinciding with their dislocation cores. A 
basal-cut GH-Sic sample was impregnated with fluorescent epoxy, staining its voids. 
Figures 1 and 2 show SWBXT images recorded in back-reflection and transmission 
geometries, respectively. The main features observable in figure 1, (g=(OOO24), 
X=1.2581), consist of black rings with white centers of various diameters that are 
associated with the surface intersections of superscrew dislocations of various sized 
Burgers vectors (b). In addition to the larger Burgers vector superscrew dislocations 
(greater than about b=3c) that are associated with micropipes, indicated by P, 
there are many smaller circular features, p, that have no corresponding micropipes 
observable by fluorescence microscopy. Figure 2 (g=(lOil), X=l.4Oa) shows dark 
dots corresponding to the positions of superscrew dislocations and their associated 
micropipes. They are the origins of swirling networks of basal plane dislocations, 
D. The dye impregnating the micropipes has made them much more prominent in 
the conventional optical micrograph in figure 3, where they appear as black lines. 
Figure 4 shows a fluorescence micrograph of the same area taken in the plane of 
focus at the wafer’s surface. Micropipes, P, appear as bright specks against a dark 
matrix of Sic. The cross section of the emergent micropipes appear as circles or 
ellipses filled with fluorescence. The fluorescent columns of the micropipes that lie 
below the plane of focus appear as halos surrounding the bright specks. In the 
specimen examined here, no micropipes below 0.6/tm in diameter were observed. 

T 
01 W, 

Figure 1. 

4d * Acknowledgements: Work performed at the Synchrotron Topography Project Station, 

5 
Beamline X-19C, supportedby U.S. Army Research Office under grant numbers: DAALOS- 
94-G-0091 and DAAL04-94-G-0121. 

X-Ray Topography and Laser Scanning Confocal Microscopy of a x19c 
Longitudinal Cut GH-SIC Wafer * 

W. M. Vetter, M. Dudley (SUNY at Stony Brook). 

The defects characteristic of PVT GH-Sic single crystals are super screw disloca- 
tions, which run roughly parallel to the c-axis and the crystal growth direction, and 
a network of regular dislocations which lie in and have Burgers vectors parallel to 
the basal plane. Super screw dislocations with very large Burgers vectors are often 
associated with optically visible hollow cores or “micropipes.” Figures 1 to 4 show 
views of a micropipe in a portion of a wafer cut along the (1010) plane. Figure 
1 is an optical micrograph, showing that the dye-filled micropipe runs the length 
of the sample. In figure 2 an LSCM image of this micropipe, appears white on a 
black background. The diameter of the micropipe varies from 0.8 to 1.4pm along 
its length. The SWBXT image (g=(OOOS), X=O.65a) in figure 3 is sensitive only to 
displacement components lying m the axml direction. Figure 4 is a SWBXT image 
of a reflection (g=(1120 ., X=O.64A) 

2 
w h ose g vector lies in the basal plane, sensitive 

only to components of rsplacement which are parallel to this g. In this image, the 
contrast of the superscrew dislocation image arises largely from the surface strains 
on the micropipe cavity. Dislocations, D, with Burgers vectors lying in the basal 
plane are periodically emitted from the superscrew dislocations along the length of 
the micropipe. The strain contrast from the dislocations appears strongest at the 
points where the dislocations are emitted. Comparison of figure 2 with figure 4, 
shows that the micropipes periodically dilate and constrict along their lengths, and 
that the periodicity of these diameter fluctuations appears to be the same as that 
of the emission of basal plane dislocations. 

Figure 1. 

* Acknowledgements: Work performed at the Synchrotron Topography Project Station, 
BeamlineX-19C, supportedby U.S. Army Research Office under grant numbers: DAALOS- 
94-G-0091 and DAAL04-94-G-0121. 



SYNCHROTRON WHITE BEAM X-RAY TOPOGRAPHIC x19c 
CHARACTERIZATION OF PVT SC-Sic CRYSTALS * I I 

S. Wang, W. Huang, M. Dudley (SUNY at SB); M. Spencer (Howard University); 
C. Fazi (Army Research Lab.) 

L 

Synchrotron White Beam X-ray Topography (SWBXT 
100) 3C- Sic single crystal 

has been used to study 

niversity. Figures l(a) and f 
rown by the sublimation P 4 T technique at Howard 
b are transmission synchrotron topographs recorded 

from the same area of the 3C- B iC wafer. Figure l(a) shows that the 3C-Sic wafer 
is a single crystal. Although there are many contrast features on the topograph, 
no individual dislocations or slip bands can be resolved. The overall poor quality 
of the image suggests that the crystal may contain a high density of defects. The 
most striking features in figure l(a) are the white patches, indicated by arrowheads. 
These white patches correspond to square shaped defects observable by optical mi- 
crograph with polarized light. Each square defect actually consists of four planar 
defects forming a pyramid, and as such are referred to as “pyramidal defects”. In 
fact, the four planar defects in each pyramidal defect were found to be parallel to 
the four (111) planes with their four sides parallel to the [110] crystallographic 
directions. In figure l(b) the “pyramidal defects” were imaged exclusively as dark 
patches. The correlation of the dark patches with the “pyramidal defects” is clearly 
demonstrated. Detailed analysis suggest that the “pyramidal defects” may be as- 
sociated with extended planar faults parallel to the (111) planes. These faults are 
decorated with impurities or impurity clusters (the inclusions) and therefore there 
are large strains associated with them. Further investigation is needed to elucidate 
the nature of these pyramidal defects. 
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Microemulsion-Oil Interfaces in Ternary Liquid Systems 1 x19c 1 

S.M. Williams, Z. Zhang, and M.L.Schlossman (University of lllinois at Chicago) 

X-ray reflectivit and surface diffuse scattering were used to study the 
microemulsion-oil liquid-liquid) interface in a ternary system of water, decane, 
and C4E1 (CHs(C 6 z)s(OCHzCHz OH). Th ese systems exhibit ultra low surface 
tensions and are expected to have 1 arge amplitude thermal fluctuations at the in- 
terfaces (similar to those at the oil-monolayer-water interface recently discussed by 
McClain et al. in Phys. Rev. Lett. 72, 246 (1994)). 

Preliminary data taken at the X19C liquid surface scattering spectrometer is 
shown below for scattering from the oil-microemulsion interface of a &El-water- 
decane (1:1:3 by volume mixture at 35.99“C. The solution is in a vapor-tight poly- 
carbonate sample cell. B -rays pass through 0.001” mylar windows attached to the 
body of the cell and through the upper oil phase to scatter off the interface. 

Specular reflectivity data measured as a function of the wave vector normal to the 
interface are shown in Fig. 1. Surface diffuse scattering measurements as a function 
of the exit angle beta in 
degrees are shown in I ig. 

the plane of incidence) for a fixed incident angle of 0.055 
2. Preliminary analysis of the specular reflectivity data 

and the surface diffuse scattering data indicates an interfacial roughness of 51A 
+/- 3A. This roughness can be attributed to surface-tension dominated thermal 
fluctuations at the interface. 

---..----_ _I- . ..__- --._- ----..----------;i 

Figure 1. Transmission synchrotron topographs recorded from (100) SC-Sic wafer. lo’, 

* Acknowledgements: Work performed on the Synebrotron Topography Project Beam- 
line X-19C, supported by U.S. Army Research Laboratory under grant No. DAAL02-92- 
R-9147/2FE425 and U.S. Army Research Office under grant numbers DAAH04-94-G-0091 
and DAAH04-94-G-0121. 
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Figure 1. Reflectivity data as a function 
of wave vector normal to the interface. 
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( X-ray Scattering Studies of the Passive Film on Fe(ll0) 1 X20A 1 

Alison J. Davenport, Carissima M. Vitus (DAS, BNL), and Michael F. Toney (IBM 
Almaden Research Center) 

Despite decades of work, there is still little understanding of the passivating 
oxide films that protect (normally reactive) metals from corrosion. This is because 
they are very thin (typically a few nanometers) and are formed in an aqueous 
environment so that ex situ measurements are susceptible to any changes in the 
film when they are removed from the solution in which they grew. The structure of 
the passive film on iron has been the subject of particularly intense study (Refs. 1 
and 2, and references therein), but there is still little consensus on questions as basic 
as to whether the film is amorphous or crystalline. However, recent in situ STM 
images of passive films on iron (2) suggest that the surfaces are crystalline with 
proposed structures (TFezOs/FesO.+) that are supported by in situ XANES and 
EXAFS measurements (1). To confirm and expand these recent findings, we have 
performed in-situ and ex-situ X-ray scattering experiments on the passive oxide 
formed on Fe(ll0) single crystals. Such measurements probe the entire film rather 
than just the surface layer. 

The Fe(ll0) ’ gl sm e crystal was passivated by potentiostatic polarization for ~60 
minutes at +0.4V vs MSE in borate buffer (pH 8.4). In situ data were obtained 
with the electrode poised at this potential, while for our ex-situ measurements, the 
electrode was emersed and placed in a flowing He atmosphere. Our methodology was 
to perform detailed measurements ex situ, where the background X-ray scattering is 
small since there is no electrolyte), and then collect selected in situ data to compare 
with t h e ex situ measurements. In such a comparison, there was excellent agreement 
between the in situ and ex situ data, showing that the passive film formed under 
our conditions was not altered by removal from the electrolyte and from potential 
control. 

The observed diffraction pattern from the passive oxide on Fe(ll0) is that of 
rFezOs or FeaOc. which confirms the STM and XANES results. At this noint 
we cannot distingiish between these two structures, although a careful intensity 
analysis should permit this distinction. Our data also show that perpendicu- 
lar to the surface +yFezOs/Fes04(111) 11 Fe(llO), while parallel to the surface 
7Fez03/Fes04(ilO) 11 Fe 002). 
reasonable, since in these 6 

The latter orientational relationship is quite is 
irections the lattice mismatch between the metal and 

oxide is less than 0.4%. From the diffraction peak widths, we find that parallel to 
the substrate the grain size is %4-5nm, and that there appear to be planar defects, 
such as stacking faults. The data also show that the passive oxide is twined (e.g., 
both 7FezOs/FeaO4(111) and TFezOs/Fes04(iii) orientations are observed), al- 
though there is an asymmetry to this twining that we do not presently understand. 

J. Electrochem. Sot. 142, ‘725-730 (1995). 
G.E. Thompson, J. Electrochem. Sot. 142, 

I GIXD Measurements of Initial Strain Relaxation in Sil-,Ge, Thin 
Films 

J.L. Jordan-Sweet, P.M. Mooney, M. Lutz, R.A. Feenstra, and J.O. Chu (IBM) 

Strain-relaxed step-graded SiGe layers have been shown to have relatively low 
threading dislocation densities and thus can serve as substrates for high-mobility 
FETs having strsined Si, SiGe, or Ge channels. Step-graded structures grown by 
UHV-CVD at low temperature relax Y&Z a Modified Frank-Read 

(MFR) mechanism by which dislocations are formed by the reproduction of “cor- 
ner dislocations” that glide into the substrate on (111) planes. A series of experi- 
ments have been performed at X20A using triple-axis x-ray diffraction to study the 
properties of strain relaxation in these structures. (For references, please see X20 
publications list). We also have used grazing-incidence x-ray diffraction (GIXD 

1 
to 

measure the initial stages of strain relaxation in thin single-composition SiGe fi ms 
epitaxially grown on Si(100). 

GIXD permits the direct measurement of in-plane lattice parameters of SiGe films 
that are too thin to yield good results from normal-geometry triple-axis techniques. 
We see a unique ‘IX”-shaped pattern in H-K reciprocal space maps of diffracted 
x-ray intensity from SiGe films that have relaxed via the MFR mechanism. 

Contours of intensity are seen along the <110> directions from the (-4 0 0) 
reciprocal lattice peak with the introduction of the first dislocations. For higher 
dislocation densities the “X”-shaped contours are anisotropically distorted; and a 
satellite peak, corresponding to the lattice parameter for a partially relaxed film, 
becomes identifiable at lower H. 

In contrast, H-K reciprocal space contours from thin SiGe films that have relaxed 
by roughening and subsequent random nucleation of dislocations display broad, 
oval-shaped contours centered at the (-4 0 0) reciprocal lattice point for the film. 

Numeric simulations of GIXD from a variety of dislocation arrangements were 
performed in order to understand the origin of the “X” pattern. We show that 
this pattern arises from an array of long misfit dislocations running in the <llO> 
directions. We also calculate accurate values for the composition and strain in these 
SiGe layers from the measured in-plane and out-of-plane lattice parameters. 

(Submitted to Journal of Applied Physics). 

Figure 1. H-K reciprocal space contours of 700 A of Si.76 Ge.26 grown at 5OO’C and 
relaxed 4% by the MFR mechanism. 
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Interfacial Roughness and Giant Magnetoresistance in Sputtered X20A 
Co/Rh Multilayers as Studied with X-ray Scattering 

Stuart P. Parkin and Michael F. Toney (IBM Almaden Research Center) 

Recently, there has been a great deal of interest, from both a fundamental and 
applications standpoint, in magnetic thin films and multilayers, since these ma- 
terials can exhibit magnetic properties that are spectacularly different from those 
found in bulk materials. For instance, multilayers of ferromagnetic and nonmagnetic 
materials show a giant magnetoresistance (GMR , or change in resistance upon ap- 
plication of a magnetic field. While it is gener aA y accepted that the scattering of 
conduction electrons at the interface plays an important role in GMR, it is not clear 
how interfacial roughness affects this scattering and the GMR. 

We have conducted specular and diffuse X-ray reflectivity studies of epitaxial 
Co/Rh 110) and (100) 
The Co b 

multilayers with the aim of addressing this relationship. 
h(110) multilayers exhibit dramatically anisotropic GMR, approximately 

twice as large for current flow along the (001) d irection as along (li0). Likewise, dif- 
fuse reflectivity data (see Fig. 1) show that the interfacial roughness is anisotropic. 
Specifically, the correlation length of the roughness in the plane of the film is much 
shorter along the (001) d irection than along (liO), e.g., <lOOA and ?500&, respec- 
tively. In contrast for Co/Rh(lOO), the roughness and GMR are both Isotropic. 
These data suggest that the difference in GMR is due to the difference in roughness 
correlation length, with higher GMR resulting from a shorter correlation length. 

.y7 3.5 
s 

$ 2.5 
i 
= 1.5 

Q, [A-‘] 
Figure 1. Diffuse scattering data at the forth multilayer Bragg peak for Co/Rh(llO). 
These have been corrected for sample area and X-ray absorption, but not dynamical 
effects. Q]] is the component of the scattering vector parallel to the surface. The 
lines show best fits to these data, which were used to determine the correlation 
lengths. 

Structural Phase Transitions and Magneto-Elastic Effects in X20B 
USbo.sTeo.2 and USb. 

W.J. Nuttall, S.C. Perry, D.R. Bowyer, W.G. Stirling (U. Keele, UK) G.H.Lander 
(E.I.T.U. Karlsruhe, Germany) and 0. Vogt (E.T.H. Zurich, Switzerland) 

At room temperature the uranium antimonides substitutionally doped with tel- 
lurium (USbi-,Te,) are paramagnetic with a rocksalt structure. Pure USb orders 
as a triple-q antiferromagnet (AF) for temperatures below the Ne’el temperature 
cTN N 203K) [l]. Replacement of the antimony with tellurium increases the ferro- 
magnetic interactions and this gives rise to a low temperature ferromagnetic phase 
in the compound USbo.sTe0.z (To N 175K, TN N 205K)[2]. Our previous studies 
at the NSLS have concentrated on the resonantly enhanced magnetic scattering 
from the AF phases of these materials. 

It is not straightforward to investigate any ferromagnetic diffraction signal owing 
to its superposition on the far larger charge scattering from the lattice. 

It has been reported from x-ray powder diffraction studies that USbo.sTe0.z dis- 
torts rhombohedrally on entering the ferromagnetic (F) phase [3]. These structural 
distortions result from the 
intend to gain a greater un d 

1111 ordering direction of the magnetic moment. We 
erstanding of the magnetic properties of these materi- 

als through a detailed study of the lattice behavior, particularly in the F-phase of 
USbo.sTe0.z We have made 4-circle diffraction measurements using 17.4 keV radia- 
tion at the following reciprocal lattice points (as indexed in the high temperature 
cubic phases): (0, O., 8>, (O,O, lo), (lO,O, 10) and (8,8,8). In figure 1 we illustrate 
the longitudinal sphttmg of the (10, 0,lO) peak in USbc.sTe0.z on passing through 
To. From this splitting we extract a rhombohedral bond angle at saturation of 
(r=89.853’ & 0.015’. This agrees well with the result (r=89.854’ f 0.010’ which 
may be inferred from the work of Hulliger and Vogt[B]. 

In figure 2 we illustrate an interpolated map of the observed scattering from 
(8,8,8) at 168K projected down onto the K=O plane. The measurements obtained 

from USb show far less dramatic behaviour owing to the lack of any ferromagnetic 
ordering. A paper describing in detail our observations from USbe.sTe0.z is in the 
final stages of preparation. 

[l] S.C. Perry, et al. To be published); 
4409, (1995); [3] F. Hu Al 

[2 
‘ger and 0. Vogt, P h 

W.J. Nuttall, et al. Ph s. Rev. B 52, 
ysica B 102, 316, (1980 3 . 

Figure 1. 
Figure 2. 
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In-situ, Simultaneous Three-Probe Measurement of Structural x20c 
Transformations in Metal Silicides. 

J.L. Jordan-Sweet, L.A. Clevenger, C.A. Cabral, Jr., R.A. Roy, C. Lavoie, K.L. 
Saenger (IBM), G.B. Stephenson, S.A. Brauer (ANL), K.L. Ludwig, Jr., and G. 
Morales (Boston U.) 

The formation of low-resistance-silicide source, gate, and drain contacts for sub- 
micron circuits is a critical processing step in semiconductor CMOS logic and mem- 
ory manufacturing. Instrumentation has been developed for the in-situ monitoring 
of structural transformations to low-resistance phases in these materials, in the 
form of blanket thin films, arrays of patterned lines (gratings), and microelectronic 
structures. 

A special furnace chamber has been constructed which performs rapid thermal 
annealing (RTA) ramps up to 35 ‘C/set, and has the capability for simultaneous 
real-time measurement of x-ray diffraction, four-probe sample resistivity, and opti- 
cal scattering. At a bending magnet beamline equipped with synthetic multilayer 
monochromator optics and a linear diode array detector which intercepts ~10’ in 
28, changes can be measured on a millisecond timescale. Not only can fast processes 
be monitored in this way, but a large matrix of materials sets and process param- 
eters can be quickly evaluated. The average cycle-time for a phase transformation 
measurement and sample change with this configuration is 520 minutes. 

Results have been published of measurements of TiSiz C49 (high resistivity to 
C54 (low resistivity) transformations in arrays of sub-micron hnes [I] and C ld OS 
gate conductors 21; identification of a metal-rich Ti silicide [3]; and the effect of a 
Ti interlayer on E oSiz phase formation [4]. 

1. R.A. Roy, et al., Appl. Phys. Lett. 66(14), 1’732 (1995). 
2. L.A. Clevenger, et al., J. Mater. Res. 10(g), 2355 (1995). 
3. L.A. Clevenger, et al., Thin Solid Films, submitted. 
4. C. Cabral, Jr., et al., Mat. Res. Sot. Symp. Proc. 375, 253 (1995). 

Effects of Rubbing Parameters on Surface Orientation of BPDA- x20c 
PDA Polyimide I I 

3 ames M. Sands and Sanat K. Kumar (The Pennsylvania State University), Thomas 
P. Russell and Michael F. Toney (IBM Almaden Research Center) 

We previously showed that rubbing BPDA-PDA polyimide films orients most 
of the polymer chains within a thin surface region along the rubbing direction [l] 
and that this results in the alignment of liquid crystals in contact with the poly- 
imide. In an effort to understand the mechanism of polyimide surface orientation 
and liquid crystal alignment, grazing incidence X-ray scattering (GIXS) has been 
applied to characterize the effects of various rubbing parameters on the resulting 
polymer orientation. In these experiments, BPDA-PDA thin films rubbed under 
varying load, distance, and rate were examined. By looking at the X-ray scatter- 
ing with the scattering vector aligned parallel and perpendicular to the direction 
of the rubbing, one can establish the degree of orientation in the polymer surface 
with a depth resolution of 5019. GIXS profiles show that there is a critical load 
and distance required in order to cause surface orientation (Figure la). Using the 
onset of discernible orientation as a gauge, the force required to cause orientation of 
the polyimide molecules is found to be quite small (Figure lb). The small force is 
surprising as one expects significant restrictions to chain mobility, due to the high 
Tg of the bulk polymer (653 K). Th e ease with which the polymer surface orients 
questions the relationship of Tg (a bulk phenomenon) to thin films. 

[l] M.F. Toney, et. al., Nature, 374, 709 (1995). 
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Figure 1. a 
at lcm/s. k 

GIXS profile for 573K imidized BPDA-PDA buffed under 2gm/cm2 
olid line is Q oriented parallel to rubbing direction. Dashed line is 

Q oriented perpendicular to the rubbing direction. Insets show the distance over 
which the samples were buffed. b)GIXS scans showing the degree of orientation in 
the surface under various loading. Data is obtained by fixing incidence angle and 
scattering position and rotating the sample in the beam (Q = 0.8lA). Distance of 
buffing is 50cm. Direction of rub is 0. Inset shows buffing loads. 
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Synchrotron X-ray scattering study of the N-IC phase transition Xl7B1, 

t3 in RbzZnCle x2oc 

M.P. Zinkin, R.A. Cowley (Oxford), D.F. McMorrow (Riso), J.P. Hill (BNL) 

Below T, M 303 K, RbsZnCld undergoes a continuous phase transition from 
a normal crystalline (N) phase, to one-dimensionally modulated incommensurate 
(IC) phase characterized by a modulation wavevector q. The transition can be 
characterized by a two-component primary order parameter corresponding to the 
amplitude and phase of the modulation wave, the transition is expected to belong 
to the 3D-XY universality class. Higher harmonics of the modulation wave form a 
class of secondary order parameters for the transition. 

Measurements of the temperature dependences of the intensities of the satel- 
lite peaks corresponding to the primary order parameter and the next two higher 
harmonics were performed on X2OC. The resulting order parameter exponents are 
Pl = 0.35 & 0.01, pz = 0.87 f 0.01, and ps = 1.50 f 0.04, in good agrement with 
recent theoretical predictions for the SD-XY universality class. 

Figures 1 and 2 show the critical scattering above T, measured on X2OC and 
Xl7Bl respectively. The second, sharp, component in the X20 data corresponds to 
critical fluctuations on length scale N 10 times those of the broad component visible 
in both data sets. The penetration depth of the 10 keV X-rays used on the X20 
experiment was M 20 pm, whereas the 60 keV X17Bl experiment was performed 
in transmission, the M 2 mm penetration depth being approximately equal to the 
sample thickness. This data is evidence for a near-surface origin of the second length 
scale scattering. The measured temperature dependence of the width of the broad 
component of the critical scattering results in a value of the inverse correlation 
length exponent u = 0.66 rt 0.02, in agreement with the 3D-XY result. 

104 
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Figure 1. Critical scattering measured 
on X2OC. Note the presence of a second 
component in the scattering. 
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Figure 2. Critical scattering measured 
on X17. * Supported by US DOE under contract 

Figure 2. Spectra of diamond in the I’L 

# DE-AC02-76CH00016. 
direction 

1 Inelastic X-Ray Scattering Study of Diamond * IX211 
I I I 

W.A.Caliebe, C.-C.Kao, J.B.Hastings (NSLS), M.H.Krisch, F.Sette (ESRF, 
France), K.H&m%iinen (University of Helsinki, Finland) 

We have measured the dynamical structure factor S(Q, w) of diamond with an 
energy resolution of 1 eV FWHM and Q between 0.7 A-’ and 3.4 A-’ in the highly 
symmetric (001) and (111) direction. In this range the spectra are dominated by 
bandstructure effects, which results in completely different shape and behavior of 
the spectra in both directions. 

The spectra in the I’L direction are dominated by transitions from a low lying vim 
lence band into allmost parallel conduction bands. The resulting peaks show almost 
no dispersion but they change in intensity with increasing Q. This change results 
from the q-dependence of the transtion matrix elements. The I’X direction shows 
less and broader peaks. The broadening can be explained by a larger bandwidth of 
each band. 
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Figure 1. Spectra of diamond in the I’X 
direction 
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1 Inelastic X-Ray Scatterinn Study of LiF * Ix21 I 

W.A.Caliebe, C.-C.Kao, J.B.Hastings (NSLS), M.H.Krisch, F.Sette (ESRF, 
France), K.H%m%inen (University of Helsinki, Finland) 

Inelastic X-Ray Scattering is a usefull technique to study electronic excitations 
in solids and liquids. By tuning the energy difference between the monochromator 
and the analyzer to an absorption edge, this edge can be studied with a much higher 
incident energy. By changing the scattering angle, different absorption channels are 
excited which results in a change of the line shape. 

We studied with high energy resolution the Li K-edge at ~60 eV with an incident 
energy of 7.9 keV for different scattering angles. The spectra are shown in figure 
1. For small Q, they show a relatively narrow peak at an energy loss of 62.5eV. 
This peak increases with increasing Q up to Q=5.7A-‘. At medium Q, this peak 
broadens and shifts finally at higher Q to 61.5eV. The increase in intensity can 
be explained by the expression given by Mizuno and Ohmura[l . 

1. 
The shift can be 

explained by the fact that we deal with two peaks, which over app at medium Q 
and cause the broadening. The peak at 62.5 eV can be attributed to the ls-+2p 
transition while the peak at 61.5eV is the 1~42s transition which is optically for- 
bidden. For this reason we do not see this transition at small Q but at higher Q 
the matrix element belonging to this transition increases and finally dominates the 
whole absorption process. A more detailed quantitative analysis is in progress. 

[l] Yikio Mizuno and Yoshihiro Ohmura, J. Phys. Sot. Jap.22, 445, 1967 
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Figure 1. Inelastic X-Ray Scattering spectra for different Q. The vertical lines 
indicate the two peak positions corresponding to the ls--t%p (62.5eV) and 1~42s 

46 
(61.5 eV) transition. 

ii * Supported by US DOE under contract # DE-AC02-76CH00016, 

K-7 Fluorescence Spectroscopy of Ni(1) and Ni(I1) Complexes * x21 

LB.. Furenlid (NSLS), W.A. Caliebe (NSLS), M.W. Renner (DAS, BNL), E. Fujita 
(Chem., BNL), and C.C. Kao (NSLS) 

The oxidation/reduction chemistry of nickel is of key importance in fields ranging 
from battery technology to organometallic catalysts. Features in the Ni K and L 
edge x-ray absorption spectra and K-P fluoresence spectra of model complexes been 
shown to be sensitive to the metal’s effective charge, but each of these techniques 
suffers from some disadvantage as a diagnostic tool for unambiguously assigning 
charge state to an unknown sample. We have explored the possibility of using the 
K-7 fluorescence as an improved probe. We are also able to compare our results 
with the predictions made with the current theoretical model for Ni line shapes. 

High resolution fluorescence measurements were carried out on beamline X-21 
on three samples (the salts of Ni(II)tetramethylcyclam, Ni(1) tetramethylcyclam, 
and Ni(I1) tris-bipyridine) representing nickel in the $2 low-spin, +l, and $2 high- 
spin states. The samples were excited below, on, and above the K-edge resonance. 
As shown in the figure below, the main peak of the K-7 fluorescence is shifted by 
approximately 2 eV when a sample is reduced from Ni(I1) to Ni(1 note elastic 
scatter at excitation energy of 8340 eV). This is of the order of the b6 HM of the 
line, and hence a mixture of the two oxidation states would be easily resolved as a 
broad, double peaked feature. 
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Figure 1. High resolution fluorescence spectra of Nit’ and Nit2 for an incident 
energy of 8340 eV. An energy shift of ~2 eV of the fluorescence line is clearly visible 
in the spectra and can be attributed to the different oxidation state. 

* Supported by US DOE under contract # DE-AC02-76CH00016. 
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1 High resolution Compton scattering from Li 
, 

IX211 
I I 

K. Hiimiiliiinen, S. Manninen (Helsinki U., Finland), C.-C. Kao, W. Caliebe, J. B. 
Hastings (BNL), A. Bansil (Northeastern U.) 

Compton scattering is traditionally used to measure the momentum densities in 
solids. However, the moderate energy and momentum resolution have prevented to 
look for finer details in the measured spectra. At X21, momentum resolution of 0.02 
a.u. at 8 keV incident photon energy is achieved by high resolution backscattering 
spectrometer based on a spherically bent Si analyzer 
of five better than ever achieved before this 6 

111) crystal. Being by factor 
as opened up new possibilities to use 

Compton scattering as a tool to study Fermi surface related issues. 
We have concentrated on two things. First, to look for Fermi surface footprints 

in the measured Compton profile via umklapp processes. When the directional 
Compton profiles are measured from single crystal samples by placing the scattering 
vector along different crystal directions the J-dimensional Fermi surface can be 
mapped. Secondly, we have measured the Fermi break with high resolution and 
statistical accuracy. In this case the high resolution Compton scattering is a unique 
direct probe to study the electron-electron correlation effects at the Fermi surface. 

The preliminary results suggest the nonexistency of the expected sharp features 
in the measured Compton profiles. Furthermore, the Fermi surface seem to be 
smeared much more than would be expected by the theoretical calculation even 
with electron-electron correlation included. The theoretical work to explain the 
observations are in progress. 

Figure 1. Left: Total Compton profile of Li measured by scanning the incident 
;;;nef. Right: Fermi break of Li (q]] [IlO]). The solid line represents the KKR 

Inelastic x-ray scattering studies of electronic excitations 1 x21 

J.P. Hill, C.C. Kao, W.A. Caliebe, D. Gibbs (BNL), D. Reznik (NIST) and J.P. 
Wilcoxon (SNL) 

Traditionally the study of electronic excitations has been performed with tech- 
niques such as electron scattering and photoemission. Inelastic x-ray scattering 
offers a new window on the study of such processes. It has the advantage that 
the scattering is weak, i.e. in the kinematic limit, for all momentum transfers so 
that both collective and single-particle excitations may be studied and the results 
simply interpreted. In this work, the spectrometer was configured to provide a 1eV 
resolution with the ability to scan both the incident and final energies. This is 
particularly flexible arrangement, allowing a wide range of electronic phenomena to 
be studied. 

We have carried out preliminary experiments on a number of electronically inter- 
esting materials. These include metallic clusters and in particular, mono-dispersed 
samples of aluminum. Here the interest lies in quantum finite size effects which are 
expected to change the excitation spectrum for small (M 30A) cluster size. Initial 
experiments on large clusters (500 a> exhibit bulk-like behavior and work is cur- 
rently in progress on smaller cluster sizes. We have also studied carbon nanotubes. 
These consist of graphite sheets “rolled up” to form tubes on the order of 1OA in 
diameter and lpm long. For thin walled cylinders, a surface plasmon at 15 eV was 
seen in electron diffraction experiments. In our x-ray work, we did not observe the 
surface plasmon, however a peak due to the interband transitions is observed at 
5eV. In addition a peak at 30eV, which is ascribed to a plasmon excitation of all 
four valence electrons is observed. In fig. 1, we show the dispersion of these features. 
Finally, the technique of resonant inelastic x-ray scattering, in which the incident 
photon energy is tuned to an absorption edge has been explored in the vicinity of 
the Lrrr edge of holmium. Data analysis is ongoing. 

Figure 1. Energy loss spectra from carbon nanotubes, taken at a number of mo- 
mentum transfers. 



Inelastic X-ray Scattering Study of NiSz-/Se, 1 x21 
E. D. Isaacs (AT&T Bell Labs), C. A. Burns, (Western Michigan University), 

T.Thio, J. W. Bennett (NEC Research Institute), W. Caliebe, and C.-C. Kao (BNL) 

Mott-Hubbard systems are interesting because they display a rich variety of 
ground states not predicted by simple band theory. In particular, metal insula- 
tor trasitions can occur as a result of electron correlations. 

In NiSz-,FSe, there is a Mott-Hubard metal-insulator transition for x-O.5 at a 
temperature of ~80 K. The NiSz-,Se, is an excellent system in which to study this 
transition since there is no change in the symmetry of the system as a result of the 
transition, as is seen in most other Mott-Hubbard insulators. Recent photoemission 
data [l] has suggested that the addition of Se to NiSz crystals reduces the size of the 
insulating gap, inducing the transition to the metallic phase at lower temperatures. 

Our data was taken on a single crystal of NiSr.sSes.6 which was placed in a closed 
cycle refrigerator with a Be window to allow x-ray access. Measurements were taken 
at incident energies of 8344 eV in order to take advantages of resonant scattering 
from the Ni. The scattered intensity was measured as a function of energy loss for 
energy losses from -5 to 25 eV with a resolution of NleV. We observed a peak in 
the spectrum at an energy loss of about 4.5 eV. We believe that this feature is due 
to the Mott-Hubbard gap in the crystal, Even with the resonant enhancement we 
only had about l/2 count per second in the loss peak. Data was taken at several 
different reciprocal lattice vectors in both the insulating and metallic phases. 

Our measurements did not show any significant changes between the metal (T 
~100K) and the insulator (T-70K) ph ases. Such effects have been seen in the Mott- 
Hubbard insulator VzOs [2]. Photoemission studies on NiSz-,Se, show a shift of 
about 0.15 eV for the valence band (at low q), We did see q-dependent changes in 
the energy loss peak. The change in intensity is due in part to a spectral weight 
shift to the Compton energy (tL2qz/2m), but there is also evidence for dispersion of 
the eak. Future studies of this system with higher energy resolution are planned. 

1 
Ll 

P A.Y. Matsuura, Z.-X. Shen, D. S. Desseau, C.-H. Park, T. Thio, J. W. Bennett, 
an 0. Jensen, preprint of article submitted to PRL. 

[2] E. D. Isaacs, P. M. Platzman, P. Metcalf, and J. M. Honig, submitted to PRL. 

5d Figure 1. Mott-Hubbard Gap in NiSr.sSe0.s in the metallic phase at 100 K at several 
G momentum transfers. Numbers in parentheses are Compton Energies. 
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bn-situ x-ray investigation of metal-hydrogen electrodes in thin film ( v,.,q A 1 
Ni-MH batteries - 

*&Lt5. 

N. Jisrawi, G. Reisfeld (BNL-Physics), H. Wiesmann (BNL-DAS), T. Thurston, 
M. W. Ruckman, B. Ocko and M. Strongin (BNL-Physics) 

Materials changes during the electrical discharging of a thin film Ni-MH battery 
were investigated using x-ray diffraction. The metal-hydrogen anodes were Nb/Pd 
multilayers of the configuration Nb/Pd/Nb/Pd w h ere the Nb thickness ranged from 
200 to 800 A and the Pd thickness was 200 A. The multilayers were deposited on 
Cr-coated glass and placed in a thin windowed electro-chemical cell containing a 
1M KOH electrolyte. A two terminal configuration employing a NiOOH counter 
electrode was used. After charging the cell to a two terminal voltage of 1.2 V, the 
cell was discharged through a 10 KC resistor and the current monitored. The rate 
of discharge was slow and x-ray diffraction spectra taken at the points indicated on 
the figure 1. The x-ray spectra in figure 2 show the amount of hydrogen in the Nb 
or Pd because their lattices expand when hydrogen is introduced into the lattice. 

The Nb[llO] and Pd[lll] Bragg peaks shift to smaller 28 when charged with 
hydrogen and return to the metallic position when discharged. It is believed these 
spectra are among the first taken during the operation of a battery and show how the 
hydrogen content is related to battery function. The limited amount of electrolyte 
over the electrode affects the reaction at the electrode surface and may account for 
the anomalous drop in the battery current before all of the hydrogen is discharged 
from the anode. 

This work was supported by the USDOE Div. of Materials Science under CRADA 
BNL 94-03 and Contract No. DE-AC02-76CH00016. 
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Figure 1. Battery discharge curve (i vs 
t>* 

Figure 2. X-ray spectra taken at the po- 
sitions marked on figure 1. 
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X-ray identification of peaks in cyclic voltammetry from Nb/Pd mul- X22A 

0s tilayers in a KOH electrolyte * 

N. Jisrawi, G. Reisfeld (BNL-Physics), H. Wiesmann (BNL-DAS), T. Thurston, 
M. W. Ruckman, B. Ocko and M. Strongin (BNL-Physics) 

We conducted a x-ray diffraction study of hydrogen uptake by glass-supported 
Nb/Pd multilayers in an electrochemical experiment. 

The metal-hydrogen anodes were Nb/Pd multilayers of the configuration 
Nb/Pd/Nb/Pd where the Nb thickness ranged from 200 to 800 A and the Pd 
thickness was 200 A. The multilayers were deposited on Cr-coated glass and placed 
in a thin windowed electro-chemical cell containing a 1M KOH electrolyte. A two 
terminal configuration employing a NiOOH counter electrode was used. 

The samples were charged and discharged by a standard cyclic voltammetry ap- 
paratus over a voltage range of -1.4-O V at a scan rate of 1 mV/s. The rate of 
scanning was slow and x-ray diffraction spectra taken at the points indicated on the 
figure 1. The x-ray spectra in figure 2 show changes in the the amount of hydrogen 
in the Nb or Pd because their lattices expand when hydrogen is introduced into the 
lattice. The Nb[llO] and Pd[lll] Bragg peaks shift to smaller 20 when charged with 
hydrogen and return to the metallic position when discharged. It is believed these 
spectra represent one of the first in-situ probes of hydrogen charging of an electrode 
using synchrotron radiation-based x-ray diffraction and provide a convincing identi- 
fication of CV oeaks with the hvdroaen chases formed during electrolytic charging 
of a thin film bimetallic electrode. - * 

TIME (hr.%) 

Figure 1. Cyclic-voltammetry (CV) for 
a Nb/Pd multilayer. 

* This work was supported by the US- 2s 27 2s 2s 3s 31 32 
DOE Div. of Materials Science under 20 (deg.) 

CFtADA BNL 94-03 and Contract No. DE 
AC02-76CH00016. Figure 2. X-ray spectra taken at the po- 

sitions markedon figure 1. 

Microstructural Study of at-C Films: Relation to Residual Stresses X22A 
* 

L. J. Mart:nez-Miranda (U. of Maryland), J. P. Sullivan, T. A. Friedmann, M. P. 
Siegal (SNL), T. W. Mercer, N. J. DiNardo (Drexel U.) 

Amorphous tetrahedrally coordinated carbon films 
variety of applications. It is important to understand 

at-C) have potential in a 
t h eir structural, mechanical 

and electrical properties and how these relate to the method of film processing. 
These films consist of a mixture of carbon - carbon sp2 - sp3 bonds, grown in the 
absence of hydrogen. 

We have combined reflectivity and small angle scattering measurements to obtain 
structural information on at-C films prepared by pulsed laser deposition in a high 
vacuum environment, at different laser energies. The experiments were performed 
using 10.8keV x-rays. Experimental resolution of AE/E = 10B4 was achieved by 
using a 5-bounce Si(ll1) monochromator and a a-bounce Si(ll1) analyzer. 

We have used the results of the reflectivity measurements to obtain information 
on the density of the films, as well as the presence of layering. The results of the 
small angle scattering measurements give information on any density contrast due 
to the distribution of sp2 to sp3 bonds within the films. 

The density of the films varies between 2.8g/ cm3 and 3.3g/cm3 as the laser energy 
density increases from 11J/cm2 to 44J/cm2, indicating an increase in the ratio of sp3 
to sp2 bonded carbon in the films. This result correlates well with the films’ stress 
and electrical resistivity measurements. The maximum film density decreases with 
increasing film thickness. In addition, the small angle scattering signal suggests the 
presence of regions in the films with a basic length scale of 10 nm. The small angle 
signal may arise as a result of internal layering within the film or as a result of a 
lateral density variation within the films. The latter may produce conductive paths 
within the films and may be responsible for the observed variations in the films’ 
resistivity. At present we are performing a quantitative analysis of these results to 
acertain the nature of this small angle signal. 

* Work supported by the US Dept. of Energy contract No. DE-AC094AL85000. NJD 
acknowledges partial support from NSF Grant No. DMR93-13047 

. 



The commensurate-incommensurate transition of Br on the Au(100) 
electrode. 

X22A 

B.M Ocko, O.M. Magnussen (BNL/Physics), J.X. Wang (BNL/DAS), T. Wand- 
lowski (Ulm) 

Electrodeposited bromide on the Au(100) 
24 

surface forms a commensurate c(fi x 
R45’ 

the l! 
monolayer with a coverage of l/2 over a range of applied potentials. Here 

romide atoms reside in two-fold sites rather than four-fold hollows ordinarily 
found for this coverage. At a critical potential the bromide adlayer undergoes a con- 
tinuous transition to a uniaxial-incommensurate c(fi x p)R45’ monolayer where p 
decreases from 1.00 to 0.8’7 in terms of the commensurate length. The incommen- 
surate phase is well described a uniform compression and is inconsistent with sharp 
domain-walls. The quadratic scaling of the peak widths with the incommensurate 
component of the wavevector suggests that the incommensurate phase exhibits “cu- 
mulative disorder”. The potential dependent structure of the bromide adlayer is in 
excellent agreement with the electrochemical characteristics. 

(4 (b) 

K &, o D K i$td) 0 (U) 

Figure 1. Real space sketch (a,b) of the 
commensurate c(fi x 2fi)R45’ and in- 

F 
commensurate ~(4 x p)R45’ phase and 
the corresponding reciprocal space pat- 

El terns (c,d). 
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Figure 2. (a 
the A~(100 1 

Cyclic voltammogram from 
surface in 0.05 M NaBr 

and (b) the corresponding incommen- 
surabrlity (E) as a function of the ap- 
plied potential in both sweep directions 
c(fi x p)R45’ phase. The solid line is a 
power-lawfit to the incommensurability 
with @=0.40. 

Small Angle X-ray Scattering (SAXS) Investigations of Metal and X22A, 
Semiconductor Nanoscale Size Clusters X27A 

T.R. Thurston (BNL), J.P. Wilcoxin, and S. Craft (SNL) 

Recently, there has been a dramatic rise in interest in nanoscale size materials. 
This has occurred largely because new techniques have been developed to manufac- 
ture these materials in greater quantities. It has also been recognized that nanoscale 
size materials often have unique and desirable properties that are different from the 
corresponding bulk properties. For example, the catalytic properties can become 
greatly enhanced when a materisl is reduced to nanoscale dimensions. 

Two of the most basic properties that must be characterized when making 
nanoscale clusters are the average cluster size and the polydispersity of the clusters 
in a sample. The size can often be roughly estimated from electron microscopy 
measurements, but the only way to determine both parameters while averaging ove 
the entire sample volume is through small angle x-ray scattering experiments. 

To fulfill this characterization need, we have constructed a Bonse-Hart cam- 
era which can be mounted at the X22A beam line. Unfortunately, the upstream 
monochromator crystal of this beam line scatters in a horizontal geometry, so we 
have had to place a vertically scattering collimator crystal before the sample posi- 
tion. This has usually been a 5-bounce channel cut Si 111 crystal. The analyzer 
crystal is also a 5-bounce channel cut Si(lll) crystal. ii4 it this rather simple set 
up, we have been able to obtain a dynamic range of nearly 10’ with a range in q 
from 10T4 to 10’ A-‘. 

The samples we have examined were made using an inverse micelle technique 
which produces samples with very good polydispersity characteristics. Therefore, 
the small angle scattering curves show interference effects 

I 
wiggles) and it is rather 

simple to then fit the SAXS data to obtain the size and po ydispersity of a sample. 
We have examined a number of cluster samples including AU., Pd, Rh, and MO& 
that have been prepared under differing conditions and with drfferect average sizes. 
More materials will be examined in the future as the inverse micelle technique is 
developed further. 



4d 
ii Synchrotron X-ray Scattering Characterization of High Tempera- X27A, 

ture Superconducting Wires X22A 

T.R. Thurston, U. Wildgruber, N. Jisrawi, M. Suenaga, Y.L. Wang (BNL), and P. 
Haldar (IGC) 

A CRADA between BNL and Intermagnetics General Corporation was be- 

7 
un in 1995 to use synchrotron x-ray scattering techniques for characterizing 
Bi,Pb)zSrzCazCusOre (T,=llOK 2223 superconducting wires. These wires show 

commercial promise; for example, h igher magnetic field strengths in MRI machines 
will be attainable using this technology, provided the quality of the wires can be 
improved. 

A major problem in characterizing the wires arises from the fact that the super- 
conducting material is by necessity sheathed in silver cladding. We recognized that 
the intense x-ray flux available at a synchrotron source allows structural character- 
izations of these wires which are not possible with any other methods. We mention 
two of our major conclusions to date here. 

We first discuss the differences between early wires made with a single filament 
of superconducting material compared to more recently made multifilament wires. 
Generally, the multifilament wires have shown better transport properties than the 
monofilament wires, but the reason(s) for this improvement have been nebulous. 
We have found, however, that the full width of the peak of monofilament 
samples is systematically larger than the full-width I 

200) 
o this peak in multifilament 

samples. Thus, the multifilament samples generally are better textured than the 
monofilament samples, which improves their transport properties. 

In the second example, we consider the phase composition. The starting material 
for these tapes is 2212 (Bi,Pb)zSrzCaCuzOs (T,=85K phase, along with enough 
other materials to make 2223 after heat treatments. b rom analysis of two-theta 
scans, we have found varying amounts of 2212 in all samples studied to date, with 
the amount ranging from 4 to 40 percent in nominal 100 percent 2223 samples. 
Further, by rastering the sample through the x-ray beam, we have shown that the 
2212 composition is not homogeneous along the length of all tapes. This data 
suggests that the phase developement process must be examined more closely. 

The effects of hydrogen adsorption/evolution and bisulfate coad- 
sorption on the structure of underpotentially deposited Tl adlayers X22A, 

on Pt(ll1) * 
X22B 

J.X. Wang, R.R. Adzic (BNL/DAS), B.M. Ocko, O.M. Magnussen (BNL/Physics) 

Tl forms an incommensurate, aligned-hexagonal phase in acid and alkaline so- 
lutions at the most negative potentials prior to its bulk deposition or hydrogen 
evolution. The monolayer compresses, thus the Tl coverage increases, with decreas- 
ing potential. In acid solutions, thus phase exists in the potential region where 
hydrogen adsorption and evolution occur in the absence of Tl” (Fig. 1). Underpo- 
tential deposition (UPD) of Tl suppresses hydrogen adsorption but does not shift 
the onset of hydrogen evolution. On the other hand, the competition of Tl UPD 
with hydrogen adsorption/evolution causes a slightly lowering of Tl coverage and a 
significant decrease of the in-plane ordering of the Tl monolayer. 

In sulfuric acid solution, a (6 x &)R30° d’ff 1 raction pattern was observed over 
a 0.28 V wide potential range, which corresponds to the potentials between the two 
major peaks in the voltammogram. The involvement of both Tl and anion species 
in the (4 x t,b)R30° lattice structure can be inferred from the absence of the 
diffraction signal in the solutions without either Tls or bisulfates. Specular reflec- 
tivity data support the model with 1 3 monolayer of Tl at the hollow sites. It is, 
however, difficult to determine, ( direct y from surface x-ray scattering, the bisulfate 
coverage and its adsorption sites. The similarity of bisulfate adsorption (without 
Tl) and coadsorption (with Tl) features in the voltammograms and the positive 
potential shift in the latter case suggest that bisulfate coadsorption is primarily 
through the interaction between bisulfate and Pt. This leads us to the model with 
bisulfates coadsorbing at the hollow sites of the Tl adlayer. In the top view picture 
shown in Fig. 1, Tl, Pt, S, and 0 are represented by the circles with the diameters 
corresponding to their relative atomic sizes. It can be seen that the model gives 
adequate interatomic spacings. 

Figure 1. Tl coverages in the aligned-hexagonal (circles) and the fi x fi)R30° 
(triangles) phases as a function of E and voltammograms in 0.05 M 6 sSO4 solutions 
with (solid line) and without(dashed line) 5mM Tl+. Sweep rate 20 mV/s. 

* This work is supported by the DOE, contract DEAC02-76CH00016 



Structure of electrode surfaces in the course of electrocatalytic reac- 
tions: oxidation of CO, glucose and formaldehyde on reconstructed X22B 
and unreconstructed Au(100) * 

R.R. Adzic, J.X. Wang (BNL/DAS), B.M. Ocko, O.M. Magnussen (BNL/Physics) 

Atomic scale information on the structure of a catalytic surface during the course 
of reaction has been a goal of surface scientists for many years. There is no infor- 
mation on the stabiity and activity of reconstructed surfaces in electrocatalytic 
reactions. Here we demonstrate the in situ application of the Surface X-ray Scat- 
tering (SXS) to electrocatalysis. 

Grazing incident angle x-ray diffraction was used to determine the in-plane struc- 
ture of the Au(100) surface during the oxidation of CO, glucose, and formaldehyde. 
The reconstruction of Au(100) gives rise to a diffraction peak around (1.205, 1.205, 
0.1) position in reciprocal space. This peak is consistent with the hexagonal pat- 
tern with A =1.205 ctO.002, where A is the hexagonal wave vector along the (110) 
direction. 

The electrochemical oxidation of glucose, formaldehyde and CO on gold single 
crystal electrodes are known as structure sensitive reactions with the reactant ad- 
sorption preceding the charge transfer. The adsorption of these molecules at nega- 
tive potentials does not cause a lifting of the reconstruction of the Au(100) surface. 
The potential dependence of the intensity of the reconstruction peak at (1.205, 
1.205, 0.1) was measured in HClO4 and NaOH solutions in the absence and in the 
presence of the oxidation of of organic molecules. The oxidation of these molecules 
occurs before, or at the onset of the lifting of the reconstruction. No significant 
change in the kinetics of the reconstruction lifing and recovering is caused by the 
adsorption and oxidation of glucose, CO and formaldehyde. The recovery of the 
reconstruction by the negatively charged electrode surface is a rather slow process. 
This slow recovery of the reconstruction allows us to measure the reaction rates at 
both reconstructed and unreconstructed surfaces over the same potential range. 

Since the electrooxidation of the above three molecules are structure sensitive 
reactions, a distinct difference in the surface structure of the Au and the 

to produce an effect on their Idnetics. 7l!he unre- 
100)-(1x1 

was found to be more active than the hexagonally 
for all three reactions. The apparent heterogeneous 

one order of magnitude larger for the unreconstructed 
Au(lOO)-(1x1) surface. There are two possible origins of the observed difference in 
the activity of the reconstructed and unreconstructed Au 
adsorption of these molecules is stronger on the open 
to the hexagonal close packed surface. Besides that, 

(100 f 
100) surfaces. First, the 
-(1x1) surface compared 

the reactron is enhanced by 
the stronger adsorption of Hz0 and AuOH which facilitate the oxidation of CO and 
chemisorbed intermediates in these reactions. 

‘p 
ii * This work is supported by the DOE, contract DE-AC02-76CH00016 

1 Surface freezing in binary mixtures of normal alcohols * 1 X22B 1 I 1 I 
A.K. Doerr, O.Gang (Bar-Ran U.,Israel), X.Z. Wu (Northern Illinois U.), O.M. 

Magnussen, B.M. Ocko (BNL), E.B. Sirota (Exxon) and M. Deutsch (Bar-Ran U.)] 

Surface freezing has been observed recently at the free surface of pure alcohols, 
alkanes and binary mixtures of alkanes with different chain lengths. At temperatures 
up to 3C above bulk freezing temperature, measurements reveal the formation of 
a crystalline monolayer on normal alkane mixtures and a bilayer on pure alcohols. 
X-ray reflectivity, grazing incidence diffraction and Bragg rod measurements have 
been carried out on the binary mixtures of the alcohol-alcohols and alcohol-alkanes. 
The measurements (Fig.1) h s ow the formation of a bilayer on the alcohol mixtures. 
In some cases the upper layer of the frozen bilayer consisted only of the longer 
chain component and the lower layer-of the shorter chain only. Grazing incidence 
diffraction indicates hexagonal packing and long range positional order within the 
surface layer. In order to describe the Bragg rod measurements (Fig.2) a lateral 
positional shift between the two layers is required as shown in the inset of Fig.2. 
This shift is similar to the shift observed for pure alcohols. A surface layer on 
alcohol-alkane mixtures was obtained only if the chain length of the alkane was 
about twice the length of the alcohol. In this case the transition from a monolayer 
to a bilayer has been observed. Additional phase transitions in the surface layer 
have been detected in surface tension measurements. 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 

qz [A-‘] 
Figure 1. X-ray reflectivity for alcohol- 
alcohol mixture CzzOH(30%) in &OH 
(circles). The solid line is a fit to the 
data. In the insert the e--density corre- 
sponding to the fit is plotted. 

* Supported by the U.S. - Israel Bina- 
tional Science Foundation, Jerusalem 
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Figure 2. Bragg rod at in-plane diffrac- 
tion peak position q,=1.488A-’ for 30% 
CzzOH in &OH. The solid line is a 
fit to the data, based on the real-space 
model in the inset. 



) An X-ray Scattering Study of Methyl Eicosanoate * ( X22B 1 
I , 

W. J. Foster, M. C. Shih, P. S. Pershan (Harvard University) 

Relaxed Langmuir monolayers of methyl eicosanoate were studied using Brew- 
ster angle microscopy (BAM) and g razing incidence x-ray diffraction (GIXD). The 
structure of the various phases in this system were determined and compared to 
previous isotherm and microscopy measurements. 

At high pressure and low temperature, an untilted, orthorhombic phase! U 
6 is observed. As the temperature is increased, a second untilted, orthorhombrc p 
CS), 
ase, 

U S), is observed, beginning at 
d 

N 12’C. Above 21’C and at high pressure, aRotator- 
I -hke phase is seen, with an undistorted, untilted structure. 

At low pressure and low temperature, a crystalline phase with tilt toward nearest 
neighbor, I Lz”), is observed. At a temperature of N 14’C, there is a transition to 

L a phase wit tilt toward next-nearest neighbor, F(Lz’), at low pressure. Finally, as 
the temperature continues to be raised at low pressure, there is a transition to a 
phase where the two F(Ls’) peaks have the same values of Qmy, here called the 7 
phase. 

Figure 1. w-T phase diagram of Methyl Eicosanoate. The phases are represented as 
follows: I(Lz?‘), 0 F(Lz’), 0 T, x U(CS), o U(S), # R(LS). The solid lines represent 
phase boundaries. In the case of the U(CS)-U(S)-R(LS) transitions, the shaded 
regions represent observed limits of coexistence due to supercooling or superheating. 

* This work was supported by grants NSF-DMR-91-13782 and NSF-DMR-94-00396. 
The experiments were carried out on the Harvard/BNL liquid surface reflectometer on 
beam line X22B at the NSLS, BNL. This facility is supported by DEAC02-76CH00016 

X-ray Scattering Study of Cso-propylamine Adduct Monolayers at X22B 
the Gas-Water Interface 
M. Fukuto, P.S. Pershan (Harvard), D.Vaknin, and J.Y. Wang (Ames Lab and 

Iowa State) 

In this project, we carry out specular reflectivity, small angle diffuse scattering 
and grazing incidence diffraction (GID) studies of Langmuir monolayers of nearly 
spherically symmetric fullerene denvatives. Although pure C&e does not form stable 
monolayers on water, Wang et al.[l] d emonstrated that Gee-dodecylamine adduct[l] 
and C&c-propylamine adduct[2] d o f orm homogeneous monolayers on water. 

From the onset of the rise m surface pressure in the isotherm shown in Figure 1, 
one can conclude that the Cse-propylamine adduct molecules are essentially closely 
packed at about A= 150 A”/ mo ecu e, 1 1 corresponding well with the expected cross 
sectional area for a single C&e-propylamine adduct molecule whose radius is slightly 
larger than that of the bare C&o 

f 
5.0 

performed on beamline X22B in uly, 
A). X-ray reflectivity measurements were 
1995. The sample was held on a teflon 

trough in a sealed box under Nz gas environment. 
During the measurement reported here, the temperature and area/molecule were 

held at 18 degC and 150 A’/ mo ecu e, 1 1 respectively. The reflectivity from the mono- 
layer normalized to the Fresnel reflectivity of ideally flat water subphase, R/RF, vs 
QZ is shown in Figure 2. Our model of electron density profile along the surface 
normal is a step function whose two interfaces are distance d apart and are smeared 
out with a Gaussian roughness D (inset . 

h 
The fit based on this model of electron 

density and Born approximation is also s own in Figure 2. The fit gives a roughness 
u of 3.1f0.2 A, and the film thickness d of 9.7f0.7 A, which is consistent with the 
diameter of one molecule, confirming that the film is one monolayer thick[2]. 

GID measurements on the same sample were hindered by excessive background 
scattering that was reduced considerably when the trough was filled with He gas 
instead of Ns. The measurement will be repeated with high purity He gas. 

Harvard contribution to this work was supported by NSF-DMR-94-00396. Ames 
Lab is operated by ISU for the DOE under Contract No. W-‘7405-Eng-82. 

J.Y. Wang et al., Thin Solid Films 242, 40 (1994). 
D. Vaknin et al., Langmuir 11, 1437 (1995). 
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kw/dde $1 Figure 2. Reflectivity normalized by 

Figure 1. Relaxation isotherm measured 
Fresnel reflectivity. The fit (solid line) 

at T= 17.5 degC. 
corresponds to the electron density pro- 
file shown in the inset. . -_ -_ --_ - ---- - - 



Influence of Quantum Impurities on the Soliton Lattice in CuGeOs. X22B 

V. Kiryukhin, B. Keimer (Princeton University), J. P. Hill, A. Vigliante (BNL) 

The interaction of localized impurities with correlated electron systems is a topic 
of great current interest in fields ranging from one-dimensional magnetism to high 
temperature superconductivity. A particularly interesting observation has recently 
been made in the spin-Peierls compound CuGeOs. In this material the spin chains 
consist of spin 1 2 Cu2+ 
neighbors. In t h 

ions which interact antiferromagnetically with their nearest 
e absence of impurities the spin chains dimerize at low tempera- 

tures and form a nonmagnetic collective singlet state, the spin-Peierls state. Several 
groups have substituted dilute amounts of Zn2+ spin-O) or Ni2+ s in-l 
and found that the spin-Peierls state is rapidly rep \ 

or Cu2+ 
aced ( ’ ‘l!Gs behav- by a Ndel state. 

ior undoubtedly reflects a competition between the interchain magnetic exchange 
interaction (which favors the NOel state) and the spin-lattice coupling (which favors 
the spin-Peierls state), but it has not yet been explained why the balance between 
these-two interactions is tipped by diluting the spin-chains. The goal of our x-ray 
experrment was to elucidate the effects of impurities on the magnetic phase dia- 
gram of CuGeOs on a microscopic level. We studied the spin-Peierls superlattice 
reflections in two samples, Cue.~ssZne.ors GeOa and Cue.ssNie.ezGeOs, as a func- 
tion of magnetic field and compared the results with analogous measurements in 
pure CuGeOa. Both samples undergo spin-Peierls transitions, but the transition 
temperature and the commensurate-incommensurate (C-IC) transition fields are 
depressed. While the C phase remains long range ordered, we found that the IC 
superlattice reflections are severely and anisotropically broadened (Fig. 1). In the 
spin chain direction the correlation length is the longest but even in this direction 
it is comparable to the average distance between the impurities. This presumably 
means that the magnetic solitons are strongly pinned at or near the impurities. 
While the IC wavevector discontinuously jumps to a nonzero value at the C-IC 
transition of pure CuGeOs signaling a (weakly) first order transition, there is no 
sign of such a discontinuity in the diluted samples. This indicates that the C-IC 
transition becomes second order as impurities are added, but further studies are 
necessary to prove this point definitively. We are also planning further experiments 
on samples with higher impurity concentrations in order to elucidate the crossover 
from the spin-Peierls to the Nobel state. 

Figure 1. Scans through the (3.5, 1, 2.5) reflection of Cue sssZns.ersGeOs a) parallel 
and b) perpendicular to the spin chains. The scan in b) is along (3.5, 1, 0 , only 9’ 
away from the a-axis. The temperature is 4K and the 10 Tesla and 11.6 2 esla data 
are below and above the C-IC transition respectively. The data for 11.6 Tesla were 
multiplied by 10. 

Magnetic Phase Diagram of the Spin-Peierls System CuGeOa 1 X22B 

V. Kiryukhin, B. Keimer (Princeton University), J. P. Hill, A. Vigliante (BNL) 

One Dimensional (ID) quantum magnetism has been the subject of great 
experimental and theoretical interest for the last three decades. In certain 1D 

magnets, coupling of the spin degrees of freedom to the lattice results in a low 
temperature structural transition, the spin-Peierls transition, at which the lattice 
dimerizes to lower the magnetic ground state energy. The lattice coupling allows 
the application of x-ray scattering techniques to this problem. 

We have shown that synchrotron radiation combined with a superconducting 
magnet capable of generating a 13 Tesla field is a very powerful tool to study a 
particular such 1D magnet, the recently discovered spin-Peierls compound CuGeOa. 
In this system the Zeeman energy corresponding to a N 12T field lowers the energy 
of the first excited state enough to drive a magnetic field induced transition into an 
incommensurate (IC) spin-lattice modulated phase. 

The nature of this phase is intimately related to the nature of the excitation 
spectrum and has been the subject of much theoretical work. Prior to our experi- 
ments the IC phase had been inaccessible to scattering probes. By measuring first 
and (weak) third harmonics of the IC superlattice reflections (see Fig. 1) we have 
shown that the high-field phase is a multisoliton state (soliton lattice) and mea- 
sured both the intersoliton distance and the soliton width as a function of field and 
temperature. The resulting magnetic phase diagram, consisting of commensurate, 
incommensurate, and undistorted phase, is in qualitative agreement with theoreti- 
cal predictions. In particular, we have confirmed the prediction that the IC phase 
is reentrant in temperature over a certain field range. However, our data analysis 
has also revealed some startling quantitative discrepances with extant theoretical 
predictions. In particular, the measured soliton width is almost twice as large as 
predicted. An explanation of our data is a challenge for the theory of 1D quantum 
magnetrsm, and we expect significant interest in our work in theoretical community. 

63.5 1 2.5) Suporlolllco Roflocllo, 
lo m 
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Figure 1. Scans through the (3.5, 1, 2.5) superlattice reflection of CuGeOs at T=4K 
in the Incommensurate phase. Successrve scans were multiplied by 100 in order to 
achieve a constant offset on the logarithmic scale. The lines are the results of fits 
to resolution-limited Gaussians. 



td 
L Si-based MOS devices studied by x-ray reflectivity 1 X22B 

iti S.D. Kosowsky, P.S. Pershan (Harvard Univ.), K.S. Krisch, J. Bevk, M. Green, 
L.C. Feldman and P.K. Roy (AT&T Bell Labs) 

Specular reflectivity measurements were performed on a series of poly- 
Si/SiOz/Si(OOl) MOS structures, with thin (Cl00 A) oxide layers, which are rel- 
evant to current microchip technology. The samples consisted of single crystal 
substrates with SiOz layers grown on top. A 2500 A heavily-doped polycrystalline 
silicon (poly-Si) layer formed the conducting cap. The devices were prepared at 
AT&T production and research facilities in Allentown, Orlando and Murray Hi, 
under different sets of growth and annealing conditions. The goal of this work is to 
relate structural properties to processing parameters. 

Two reflectivities are shown below with the corresponding real space profile de- 
rived by fitting the x-ray scattering with a layered model. The two data sets shown 
are from two identically fabricated MOS capacitors, except that one had a final 
activation anneal 
divided by the we 6 

b) and one did not (a). The reflectivity data, R(q), has been 
-known Fresnel curve, R.f(q 

i\ 
, and the corresponding real space 

fits are also shown below. Several features of t e data can be interpreted in a real 
space model. (1) The steep fall off in the R/RI for q<O.2 A-’ results from the 
rough poly-Si/vacuum interface. This interface is 15-50 A rough (rms), with higher 
roughness values resulting from higher annealing temperatures. (2) The bump in 
the R/Rf of the unannealed sample, centered at q=O.55 A-‘., corresponds to a 
dense, 5 Ang layer at the SiOz/Si(OOl) interface. This layer 1s unstable to hi h 
temperature (>800 “C) annealing as it is absent from the annealed sample. f 3) 
The oscillations in the unannealed sample, corresponding to the oxide thickness, 
are modulated. This modulation implies structure at the SiOz/poly-Si interface as 
well, and a diffuse, 3-8 A layer allows the data to be fit. The absence of modulation 
in the annealed sample is due to the disappearance of the SiOz/Si(OOl) layer upon 
annealing. 

Figure 1. Fresnel normalized reflectivi- ‘. 
ties for two MOS samples, one annealed 

z:“, 

(b) the other not (a),otherwise prepared Figure 2. Real space density profiles for 
identically. the two samples. 

X-ray diffraction studies of thiols on liquid Hg * 1 X22B 

O.M. Magnussen, B.M. Ocko (BNL), M.J. Regan, P.S. Pershan (Harvard), M. 
Deutsch (Bar-llan, Israel) 

We have previously demonstrated that liquid Hg [l] and Ga [2] exhibit surface 
induced layering, in accordance with decade old theoretical 

P 
redictions. Here we 

present x-ray scattering results on films of organic molecules alkane-thiols) on the 
liquid Hg surface. For thiols with hydrocarbon chain lengths between 8 and 18 
molecules well-defined mono- and multilayer structures were observed. As an ex- 
ample, the normalized x-ray reflectivity spectrum, R/RI, from an adsorbed octade- 
canethiol monolayer on Hg is shown in the figure along with the spectrum from the 
pure Hg/vapor interface. The interference between the reflected amplitudes from 
the vapor/thiol and thiol/Hg interfaces gives rise to the observed modulated re- 
flectivity spectrum. The modulation period corresponds to a fully extended alkane 
chain and the amplitude supports the notion of a densely packed monolayer. Re- 
markably, the essential features of the reflectivity, including the quasi-Bragg peak 
and the dip at small qZ, are identical with and without the thiol monolayer. This 
clearly supports the notion that the surface layering is an intrinsic feature of the Hg 
surface. For higher dosages of thiols very smooth multilayer structures are formed. 
Complementary in-plane x-ray diffraction measurements indicated that thiol multi- 
layers are well ordered and are packed in a distorted hexagonal arrangement parallel 
to the surface plane while no in-plane ordering was observed for thiol monolayers. 

[l] O.M. Magnussen et al., Phys. Rev. Lett. 74, 4444 (1995) [2] M.J. Regan et 
al., Phys. Rev. Lett. 75, 2498 (1995) 
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Figure 1. X-ray reflectivity (R/Rr) from the clean Hg vapor interface (dashed line) 
and from a octadecane thiol (18 carbon atoms) terminated Hg surface (circles). 

* This work has been supported by the DOE and the NSF under Contract No. DE- 
AC0276CH00016, DE-FG02-88-ER45379, and NSF-DMR-9400396. 

-- -. 



A Study of the SmC* Liquid Crystal-Glass Substrate Interface * 

L. J. Mar&es-Miranda (U. of Maryland at College Park) 

X22B 

We have studied the structural evolution as a function of film thickness of films 
of the room temperature smC* mix mx5112! which has a smA - smC* at 46OC, 
deposited on 10pm period gratings. There 1s a homogeneously aligned layer for 
films as small as lprn thick, which is ten times smaller than the critical thickness 
observed for similar films of the compound 8CB [l]. The experiments used 9keV 
x-rays, focused on a spot of 2mm2 at the sample position. The detector slits were 
kept at a 10(vertical)x4(horizontal)mm2 opening. We studied the regions of varying 
smectic layer orientation by changing the value of the angle x: this scan is equivalent 
to changing the value of the out of plane component of 1 in reciprocal space. The 
diffraction angles 0,28 are held constant at the Bragg value for mx5112. At x = 
90“, the observed scattering corresponds to smectic layers parallel to the surface of 
the gratings (molecules perpendicular to the plane of the substrate). Conversely, at 
x = O“, the signal observed corresponds to smectic layers aligned perpendicular to 
the plane of the substrate (molecules parallel to the plane of the substrate). The 
nominal angle of incidence Q! in these runs was O”.Finally, we performed azimuthal 
d-scans as well as in-plane Bragg scans at x = O in order to observe the degree of 
in-plane disorder. For these scans, 4 = 0” corresponds to the [loo] direction. 

We have concentrated on the structural evolution of order in mx5112 films of 
thicknesses ranging between 2 and 15 pm. Films thinner than 10pm exhibit an 
evolution of molecular layer spacing as a function of depth within the sample. In 
particular, the layers closest to the LC-glass interface show a time dependence in 
azimuthal ordering, with the molecules rotating in the direction of the gratings over 
a 5- hour period. The LC layers are more smb-like near the LC-glass boundary in 
this case. The in-plane LC layer spacing stabilizes at an intermediate size beyond a 
film thickness of lOpm, while the out-of-plane spacing decreases in the same region. 
This result suggests that the LC-glass interface pins the layer tilt, leaving the film 
in a quenched state. A quantitative analysis of these results is in progress at the 
moment. 

In addition to the measurements above, we have studied the LC-glass interface 
on both a 15bm mx5112 film as well as a 29Dm 8CB film by performing a reflection 
scattering study through the surface of a 0.25 mm grated gia& substrat:, on the air- 
LC-glass confined system. A comparison with the above results on mx5112 shows 
consistency in the observations performed through either interface. This part of the 
project uses the absorption of the xray beam by both glass and the LC to control 
the penetration depth of the beam through both. This measurement constitutes 
a very important step in our ability to observe the structure of LC interfaces in 
prototype LC devices. 

[l]. E. Smela and L. J. Martinez-Miranda, J. Appl. Phys.,77, 
1923 (1995). 

* Research supported by NSF Grant No. ECS-92-01986 

X-ray Induced Electrostatic Charging of Helium Films 

K.Penanen, P.S.Pershan, M.Regan, and I.F.Silvera (Harvard) 

X22B 

It is well known that free electrons can be held onto the free surface of liquid he- 
lium through either their own image charges or through the effect of an externally 
applied electric field. The resultant electrostatic pressure causes films to thin. We 
have measured x-ray specular reflectivity from static films of isotopic mixtures of 
helium with an intense x-ray beam in the temperature range between 0.37 K and 
1.3 K. Normally, no significant thickness variation with x-ray intensity is expected 
over a wide range of temperatures when the film is superfluid. We have found 
that even modest x-ray intensities affect the thickness of films containing only trace 
amounts of ‘He. Figure 1 shows the measured ratio R/Rpresner for a mixture with 
trace amounts of sHe at 0.47K for three different intensities. The thickness for small 
intensities is of order 200 A, in agreement with the theory and pure 4He data for 
higher temperatures taken by Lurio et al. At higher intensities the film thins, with 
poorly defined thickness due to variation of the intensity with the incident angle. 
At higher concentrations of ‘He the period of the interference fringes becomes ir- 
regular and the determination of the film thickness becomes problematic. Figure 2 
demonstrates this point. We believe that the effect is due to x-ray produced photo- 
electrons, which thermalize in the vapor and then reside on the surface, attracted 
by both the film and a charged substrate. The temperature and concentration de- 
pendence is then due to the transport properties of the electrons at the surface. It 
may be possible to study the 2-D electron gas produced in this way by diffraction 
techniques. 

This research was supported by Grants No. NSF-DMR-89-20490 and No. NSF- 
DMR-88-12855. NSLS, Brookhaven National Laboratory, is supported by DOE 
Contract No. DE-AC02-76CH00016 

Figure 1. X-ray dosage effect on a film 
containing trace amounts of ‘He 

Figure 2. Structure factor as a function 
of the wave vector transfer Q = % sin 0 
for a range of temperatures and bulk ‘He 
concentrations. The curves were sep+ 
rated by 0.5 for clarity. 



4d 
z I& Charge Density Waves and Strain Waves in Epitaxial &Films * X22B 

P. Sonntag, P. Badeker, H. Zabel (Ruhr-Universitiit Bochum, Germany) 

We have investigated the magnetic structure of Cr[OOl] films on Nb/AlzOs with 
and without a cap layer of Fe. The Cr thickness ranged from 500 to 3000 A. 
Via X-ray scattering in the wide angle regime we measured the satellite reflections 
due to the charge density waves (CDWs) and strain waves (SWs) in the Cr films 
being second harmonics of the spin density waves which form the antiferromagnetic 
ground state of Cr. The left part of Fig. 1 displays scans in the L-direction on 
both sides of the Cr(002) reflection of a 3000 A thick Cr[OOl] film on Nb/AlzOs for 
different temperatures and scans around the Cr(Ol1) reflection performed in the K- 
direction in the reciprocal lattice of the same sam le. The measurements illustrate 
the strong orientational polarisation of the CDW P SW modes which we observed in 
the sample system Cr[OOl]/Nb/AlzOs. Only modulations with their wave vectors 
pointing perpendicular to the film plane could be detected [l]. This behaviour may 
be due to an interfacial pinning effect at the Cr/Nb interface. The investigations of 
the temperature dependence of the satellite intensities and positions reveal a slight 
increase of the Nkel-temperature as well as an enlargement of the CDW/SW period 
compared to bulk Cr. In case that an additional Fe film is grown on top of the 
Cr film the spin structure of the Cr film is changed completely. The satellite scans 
around the Cr(Ol1) and the Cr 

\cl 
002 reflections at various temperatures are shown 

in the right part of Fig. 1. On y DW/SW modes with their wave vectors lying 
in the film plane can be observed. The Fe top layer appears to favour a transverse 
in-plane SDW mode in the Cr film with spins pointing perpendicular to the film 
plane. Concerning the CDW/SW period and the Nobel-temperature the same effects 
as in the Cr/Nb AlzOs 
reorientation of t h 

system could be observed. To clarify the origin of the 
e CDW/SW more detailed studies are planned for the future. 

[l] P. Sonntag, P. Bijdeker, T. Thurston, H. Zabel, Phys. Rev. B 52, 7363 
(1995). 

Figure 1. Left: CDW/SW satellite reflections of a 3000 A thick Cr[OOl] film on 
Nb/AlsOs at the Cr(002) reflection in the L-direction at various temperatures and at 
the (011) reflection in the K-direction at 20 K. Right: CDW/SW satellite reflections 
of a 2000 A thick Cr[OOl] fil m on Nb/AlzOa with a 20 8, thick Fe cap layer at 
the Cr(Ol1) reflection in the K-direction at various temperatures and at the (002) 
reflection in the L-direction at 30 K. 

* This work supported by the Deutsche Forsclnmgsgemeinschaft through SFB166 

1 Magnetic Phase Diagram of Holmium: An X-ray scattering study. 1 X22B 1 

A. Vigliante, J. P. Hill, Doon Gibbs (BNL), V. Kiryukin, B. Keimer (Princeton) 

The origins of the rich magnetic phase behavior of the rare-earths lie in the corn 
petition between the indirect exchange interaction of the localized 4f moments, and 
the crystal field and the magnetoelastic energies. In holmium, this balance results 
in an ordering into a basal plane spiral propagating along the c-axis direction at 
T~=132K. At lower temperatures the basal plane becomes important and causes 
the wave-vector to lock-in to various commensurate values, as described by the spin- 
slip model. Below T=20K, the spins cant out of the plane to form a ferromagnetic 
spiral phase. Disturbing this balance, by applying a magnetic field, provides a 
direct experimental handle on the competition and should help to elucidate the 
nature of the interaction. Indeed, exotic new phases such as helifan have been 
predicted and observed by Neutron Scattering. We have utilized resonant magnetic 
x-ray scattering to study a number of rare-earths with a field applied in the basal 
plane, along the easy b-axis. In particular, we have mapped out the magnetic phase 
diagram of holmium in the region, 90 5 T < 132, 0 5 H 5 7 Tesla. We find a variety 
of phases, notably a 2/7 lock-in, in the vi&ity of the Neel transition. In addition, 
a large increase in the scattered intensity is observed as the field is increased for 
43 5 T5 98 (see fig.1 ). We tentatively ascribe this to a bunching of the moments 
along the direction perpendicular to the fields, in the basal plane. At high fields, 
the intensity abruptly drops at a first order phase transition into a low intensity 
phase, which is consistent with the formation of a fan phase, with the moments 
bunching along the field direction. Initial experiments have also been carried out 
on erbium and dysprosium for which data analysis is ongoing. 

(0,0.2-r) T=96.24 K 

Figure 1. Magnetic wavevector 7 as function of magnetic field at T=96.24K. 



Charge density waves in Laz-,-,Nd,Sr,Cu4. 

A. Vigliante, J. Tranquada, J. D. Axe, Doon Gibbs, B. Ocko (BNL) 

X22B 

Several Studies on cuprate systems have established that the suppression of the 
superconductivity in La*-,Ba,CuOa when x=1/8, requires both a hole concentra- 
tion of l/8 per Cu and a distortion from the low-temperature-orthorhombic (LTO) 
to the low-temperature-tetragonal (LTT) t s ructure. One system that is particularly 
convenient to investigate this phenomena is Lar,z-2-yNd,Sr,CuOr with y=O.4 and 
x=0.12, due to the coexistence of the l/8 hole concentration and the LTT phase. 
J. Tranquada et al. [Nature 3’75, 561 (1995)] have found evidence., by Neutron 
Diffraction, of long-period commensurate ordering of antiferromagnetm stripes sep- 
arated by charge domain walls in the LTT phase. The magnetic modulation peak 
associated with the spin stripes order was clearly observed at (l/2, 1/2&e, 0) with 
e=O.12. The charge modulation peak associated with the hole stripes order should 
be essentially two dimensional, with the modulation wave-vectors (f26, 0, 0) for the 
vertical stripe layers and (0, f2e, 0) for the horizontal stripe layers. The neutron 
experiment shows the evidence of a peak in the LTT phase at (0, 2-26, 0) with E= 
0.12. The intensity of the observed peak is N lo-’ that of the strong (0, 2, 0) 
nuclear reflection. Since Neutron Scattering detects the modulation charge peak in- 
directly, a complementary X-Ray Scattering experiment was performed to confirm 
the Neutron results. A small peak, of the order of N lo-’ with respect to the charge 
Bragg peak (0, 2, 0), at (0, 1.76, 0) was observed below the LTO-to-LTT transition 
temperature of T,=‘70K. The presence of a high, sample related, background and 
the two dimensional character of the scattering made this experiment quite difficult 
and further studies are needed to better quantify this phenomena. 

The surface structure of Au(ll1) in the presence of organic adlayers X22B 
- A combined electrochemical and surface x-ray scattering study. 

Th. Wandlowski (Ulm), B. M. Ocko, O.M. Magnsusen (BNL Physics), W. Wu, J. 
Lipkowski( Guelph) 

In-situ x-ray scattering studies of the Au(ll1 electrode surface have been carried 
out in KC104 solutions containing uracil, pyri d ine or 2,2’-bipyridine using grazing 
incidence angle diffraction. At sufficiently negative potentials the (pxfi) surface 
reconstruction forms with a stripe separation p = 23. The formation of a two- 
dimensional condensed uracil film or a complete monolayer of planar-oriented pyri- 
dine or 2,2’-bipyridine hinders the lifting of the reconstruction. Whereas the stripe 
separation increases continuously over a 0.6V range, in the base electrolyte the 
presence of the organic compounds blocks this process considerably. Only a small, 
step-like increase in p is observed., where the adlayer is disordered. There exists 
a O.‘7V hysteresis between the lifting and the subsequent formation of the recon- 
struction. The 
formed again. d 

pxfi) phase reappears at potentials where a gas-like adlayer is 
y&c diffractograms and potential step measurements have been 

employed to study the time dependence of this substrate transitions for the system 
uracil/Au(lll). The kinetic studies demonstrate that the substrate surface recon- 
struction/deconstruction kinetics follow nucleation-and-growth-based mechanisms. 
The lifting of the reconstruction in the presence of uracil proceeds in two steps, 
which involve the disintegration of the (pxfi) ph ase and the transformation of a 
disordered surface structure into an ordered (1x1) phase. The potential-induced re- 
construction can be described by an Avrami-type formalism with exponents ranging 
between 1.9 and 2.3. 

Figure 1. Cyclic Voltammogramm for 
uracil and stripe separation for some or- 
ganics on Au(ll1). 

Figure 2. Time dependence of the 
(0,1,0.2) intensity after application of a 
potential step from either ?=-0.8 V (A) 
or 0.70 V (B) to various final potentials. 



The effects of hydrogen adsorption/evolution and bisulfate coad- 
sorption on the structure of underpotentially deposited Tl adlayers X22A, 

on Pt(ll1) * 
X22B 

J.X. Wang, RR. Adzic (BNL/DAS), B.M. Ocko, O.M. Magnussen (BNL/Physics) 

Tl forms an incommensurate, aligned-hexagonal phase in acid and alkaline so- 
lutions at the most negative potentials prior to its bulk deposition or hydrogen 
evolution. The monolayer compresses, thus the Tl coverage increases, with decreas- 
ing potential. In acid solutions, thus phase exists in the potential region where 
hydrogen adsorption and evolution occur in the absence of Tit (Fig. 1). Underpo- 
tential deposition (UPD) of Tl suppresses hydrogen adsorption but does not shift 
the onset of hydrogen evolution. On the other hand, the competition of Tl UPD 
with hydrogen adsorption/evolution causes a slightly lowering of Tl coverage and a 
significant decrease of the in-plane ordering of the Tl monolayer. 

In sulfuric acid solution, a (fi x fi)R30° diffraction pattern was observed over 
a 0.28 V wide potential range, which corresponds to the potentials between the two 
major peaks in the voltammogram. The involvement of both Tl and anion species 
in the (4 x ti)R30° lattice structure can be inferred from the absence of the 
diffraction signal in the solutions without either Tit or bisulfates. Specular reflec- 
tivity data support the model with 1 
however, difficult to determine, I 

3 monolayer of Tl at the hollow sites. It is, 
direct y from surface x-ray scattering, the bisulfate 

coverage and its adsor 
Tl) and coadsorption P 

tion sites. The similarity of bisulfate adsorption (without 
with Tl) features in the voltammograms and the positive 

potential shift in the latter case suggest that bisulfate coadsorption is primarily 
through the interaction between bisulfate and Pt. This leads us to the model with 
bisulfates coadsorbing at the hollow sites of the Tl adlayer. In the top view picture 
shown in Fig. 1, Tl, Pt, S, and 0 are represented by the circles with the diameters 
corresponding to their relative atomic sizes. It can be seen that the model gives 
adequate interatomic spacings. 

Figure 1. Tl coverages in the aligned-hexagonal (circles) and the fi x fi)R30° 
(triangles) phases as a function of E and voltammograms in 0.05 M J!I sSO4 solutions 
with (solid line) and without(dashed line) 5mM Tl+. Sweep rate 20 mV/s. 

* This work is supported by the DOE, contract DE-AC02-76CH00016 

1 X-Ray Study of Orientational Correlations in CSO above 260K * 1 X22B 1 
P. Wochner, J.D. Axe (BNL), P.C. Chow, S.C. Moss (U. of Houston), J.W. Dykes, 

S.H. Irons, J.Z. Liu, R.N. Shelton (U. of California, Davis) 

Premonitory orientational fluctuations above the first order phase transition of 
C&o at 260K have been studied by diffuse X-ray scattering experiments. These 
experiments probe the orientational pair correlations between C&c molecules as a 
function of their separation and therefore the orientational potential. In addition 
to the diffuse scattering due to the orientational disorder of single molecules, we 
have observed zone boundary diffuse scattering at the X-points related to the Pa3 
low temperature structure up to 300K (Fig. 1). A n additional set of diffuse peaks, 
which are even at room temperature comparable in intensity to the former ones, 
have been found at (0.5,0.5,0.5) positions (L-point) 
have recently been reported by P. Launois et al. [l and L. Pintschovius et al. \ 

see Fig. 1). Similar results 

[2]. The temperature dependence of the integrated intensity of both sets of diffuse 
peaks shows only a weak increase in approaching T,, indicative of a strongly first 
order transition. Additional intensity with a very weak tern erature dependence but 
similar correlation length has also been found at (0.5,0.5,0 P and (0.5,0,0) positions. 
The diffuse intensity at the L, C and A points has probably its origin in competing 
phases which are not stabilized at low temperatures. The analysis of the data using 
orientational model potentials is in progress and will be a good test for all the 
theoretical models predicted so far. 

P. Launois, S: Ravy, R. Moret, Phys. Rev. B 52, 5414 (1995) 
L. Pintschovius, S.L. Chaplot, G. Roth, G. Heger, PRL. 75, 2843 (1995) 

(110) plane through (236) al 265K 

Figure 1. Contour plot of diffuse intensities in the (110) reciprocal lattice plane 
centered on the (236) Pa3 reciprocal lattice point. The X-point at (236) and the 
L-points at (2.5,2.5,5.5 

h 
and (1.5,3.5,5.5) are marked by a dot and a square, respec- 

tively. The apparent s ift of the diffuse maxima away from these positions is due 
to the strongly Q-dependent background from Laue-scattering off the single CSO 
molecules. 

* Work at BNL supportedby the Divisions of Materials Science, USDOE, under contract 
DE-AC02-76CH00016 and at Houston by the NSF on DMR-9208450 and the State of Texas 
at the Texas Center for Superconductivity. 
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The Magnetic Structure of GdNizBzC by Resonant and Non- x22c 
Resonant X-Ray Scattering * 

C. Detlefs, A. I. Goldman, C. Stassis, P. C. Canfield, B. K. Cho (Ames Lab), 
J. P. Hill, and D. Gibbs (BNL) 

Resonant and non-resonant X-ray magnetic scattering techniques have been used 
to study the low temperature magnetic structure of GdNizBsC. 

As the temperature was lowered below 19.4 K, the NCel temperature, magnetic 
scattering developed as satellites of the charge peaks at (h&q=, h, I) with qa ranging 
from 0.550 to 0.553 over the temperature range studied. As shown in fig. 1, the low 
temperature (T 5 13.6 K) scans of the (2 - g=, 0,O) peak taken at the Gd Lz energy 
exhibit a strong resonant scattering contribution. Above approximately 13.6 K, 
however, the resonant enhancement of the magnetic scattering is essentially absent 
(see fig. le so that the intensity and line shape of the magnetic scattering observed 
at the Gd i z edge is comparable to the non-resonant data set taken at 7.0 keV. The 
non-resonant magnetic scattering persists up to the NCel temperature. 

The cross sections for the resonant and nonresonant magnetic scattering show 
that the absence of significant resonant scattering at the magnetic wave vector 
between 13.6 K and 19.4 K, and the presence of non-resonant scattering imply that, 
in this temperature region, the ordered moment is oriented in the basal plane and 
transverse to the modulatron wave vector (e. g. M ]I b for the a-axis modulation), 
as was found for ErNizBsC by neutron drffraction. Below 13.6 K, however, the 
observation of resonant enhancement implies that an ordered component of the 
moment exists in the scattering (a,c)-plane. 

In order to determine, more precisely, the direction of the moment below 13.6 K, 
we have carefully measured the integrated intensity of a series of satellites along 
the a*-axis both on and off the resonance condition at the lowest temperature 
accessible (3.5 K). Fr om these measurements, we deduce that below 13.6 K the 
moment remains transverse to the propagation direction and acquires a component 
out of the basal plane. 

Figure 1. The results of fits to the complete data set obtained from the non-resonant 

iit,” ai!d ddth of these’peaks. 
a, ,c an resonant (d e f) measurements showing the evolution of position, inten- 

w 
& 
z * Work supported by DOE DE-AC02-76CH00016. 

Charge Density Waves in Doped Chromium * 

J.P. Hill and B.J. Sternlieb (BNL) 

1 x22c 

The [Ar]3d64s1 electronic configuration and bee crystal structure of pure 
chromium metal results in a band structure whose major components in reciprocal 
space are an electron octahedra at the zone center, I’ and a somewhat larger hole oc- 
tahedra located at the corners, H, of the Brillouin zone. Large portions of the Fermi 
surface can then be “nested” via an incommensurate wave-vector Q% = (1 f 6,0,0). 
As a result, a linear spin density wave (SDW) f orms below the Neel temperature 
TN = 3llK, accompanied by a charge density wave (CDW) of twice the wave- 
vector. These phenomena are exquisitely sensitive to electron density. Doping with 
electron donors, such as manganese or rhenium increases the size of the electron 
pocket and drives the system towards commensurability. While the SDW in doped 
systems has been much studied, in particular by neutron scattering, the CDW has 
not yet been observed. X-rays are particularly well matched to the study of CDW’s 
and we have therefore carried out a preliminary study of C~o.zss~na.ssr. We find 
that as in pure chromium there is a CDW of twice the wave-vector of the SDW 
observed by neutron scattering. In fig. 1 we show a scan taken along the (HOO) 
axis which displays two satellites of the (200 Bragg peak, corresponding to the two 
choices of nesting vector. In addition, we o 13 serve a second harmonic to the CDW 
which implies that the modulation is not sinusoidal. 

This in turn implies that the SDW is not sinusoidal either. Similar behavior 
has been previously seen in pure chromium. Interesting questions for future work 
include a study of the temperature dependence of the harmonics which will provide 
information on the coupling of the CDW to the SDW, and a high resolution study 
of lineshape widths to elucidate pinning effects. 

Cr,Jh, T=14 K 
ld,, I I I < 

Figure 1. Longitudinal Scan at T=l4 K showing CDW with 2 harmonics. 

* Work supported by DOE DE-AC0276CH00016 
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ii Incommensurate Antiferromagnetism in the Intermetallic Supercon- x22c 

I ductor HoNizBzC * - - I I 
J.P. Hill, B.J. Sternlieb, D. Gibbs (BNL), C. Detlefs, A.I. Goldman, C. Stassis. 

P.C. Canfield and B.K. Cho (Ames Lab. and ISU). 

Superconductivity arises from the Bose condensation of Cooper pairs; a pairing 
of electrons of opposite momenta and spin. In most superconductors even dilute 
concentrations of paramagnetic impurities suppress To, or destroy the supercon- 
ductivity completely. However, for antiferromagnetic order the competition is less 
direct and the two ground states can, in principle, coexist microscopically. Interest 
in this competition has been reawakened by the discovery of a new class of magnetic 
superconductors, RNizBz C. These have superconducting transition temperatures, 
To as high as To=16.6 K (for R=Lu) and Ndel temperatures as high as TN = 10.3K 
(for R=Dy). The antiferromagnetism is characterized by a rich variety of phases 
among the different members of the series, including simply commensurate and 
incommensurate structures. 

We have carried out a study of the magnetic phase behavior of HoNizBzC 
(To=8.5K, TN M 
exhibits a large 

‘i’K), utilising resonant magnetic x-ray scattering. This compound 
reduction, or extinction, of the superconducting order parameter 

in the incommensurate antiferromagnetic phase. We find that at low temperatures, 
T<5 K, the superconductivity coexists with a well ordered, commensurate Ndel 
state with a correlation length of M 53OOA. 

In the incommensurate antiferromagnetic state, 5K < T < ‘7K, we find two phase 
coexistence between an a-axis modulation and a c-axis basal plane spiral. Fig. 1 
shows a scan along the (OOL) direction in the vicinity of the (003) position, taken in 
the incommensurate phase. Surprisingly, the c-axis structure is characterized by two 
wave-vectors. One of these modulations is extremely well ordered, with correlation 
lengths well in excess of 5000A while the other is more disordered, E = 600A at 
T=5.4 K. In addition, short range ordered fluctuations of the commensurate phase, 
observed for T>5 K, are present above To-ro. We believe that these are the result 
of local strains. 

HaNi2B2C (OOL) Scan 

Figure 1. L Scan in the vicinity of the (003) antiferromagnetic reciprocal lattice 
position 

Observation of x-ray magnetic scattering in Nd2Cu04 * 1 x22c 

J.P. Hill, A. Vigliante, D. Gibbs(BNL), J.L. Peng and R.L. Greene(U. Maryland) 

In order to develop a comprehensive understanding of the high To supercon- 
ductors, it is useful to study the parent compounds to characterize the underlying 
insulating state from which the superconductivity develops. Of particular interest 
are their magnetic properties, and here common features are seen in LazCuO+, the 
progenitor of the hole doped superconductors, and Ndz CuOa and Prz CuOa, the pre- 
cursors of electron carrier superconductivity. There are, however, some important 
differences, including the presence of the rare-earth ions in the electron supercon- 
ductors. These ions carry localized 4f moments, which can themselves order. In this 
work, we report a study of NdzCuOa, utilizing resonant x-ray magnetic scattering. 
The main advantage of this technique is the possibility of separating the ordering 
of the Nd moments from that of the Cu moments by tuning the incident energy to 
a Nd absorption edge. In addition, high spatial resolution offers the possibility of 
examining mesoscopic length scales. 

The experiments were performed by tuning the incident energy to the Nd Lr, Lrr, 
and Lrrr absorption edges. The largest count rates, up to 300 counts per second, 
were obtained at the Lrr edge. Antiferromagnetic long range order is seen below 
TNd = 3’7 K. The Bragg peaks are resolution limited, corresponding to correlation 
lengths of [,, 2 2300flOOA in the plane and & > 7500&400A perpendicular to the 
plane. Polarization analysis confirms that the scattering is magnetic in origin and 
consistent with a dipole excitation, suggesting that the Nd 5d bands are polarized. 
In fig. 1 the intensity of the (0.5,0.5,8) magnetic Bragg peak is plotted as a function 
of temperature. There is no appreciable ordered Nd moment above T M 37K. At 
low temperatures the ordered moment is seen to rise rapidly. These results confirm 
earlier interpretations of neutron-scattering data. 

Figure 1. Magnetic Bragg peak intensity as a function of temperature. Solid line is 
a guideto the eye. 

* Work supported by DOE W-7405-ENG-82. * Work supported by NSF DMR 9209668 



1 X-ray magnetic scattering from single crystals of UPdzA13 1 x22c 1 

S. Langridge (ESRF, EITU), G.H. Lander (EITU), N. Sato (U. Sendai), and D. 
Gibbs (BNL) 

The aim of this experiment was to examine the critical scattering in the heavy- 
fermion compound UPdzAls. The crystal, which had previously been examined by 
neutrons, was polished but not annealed. A mirror finish was apparent to the eye. 
The mosaic FWHM=O.l2”. Magnetic scattering of ~~15,000 cts/sec was observed at 
the (0.,0,1.5) reflection below TN. The results of the experiment provide (probably) 
little mformation about the intrinsic properties of UPdzAlz, but new insight into 
the “two-length scale” problem. Two figures of the “raw data” are given below, 
both from scans of the (0,0,1/2) reflection. 

Figure 1 shows the decrease of intensity with T. Note especially the linear T scale. 
Scattering can still be seen at a reduced temperature t = 0.35, which is highly 
unusual. The width of this scattering increases considerably, also approximately 
linearly on semilog scale, but the extracted widths depend on the fits to the data. 

Figure 2 shows the change of the position of the center of the antiferromagnetic 
(O,O, 0.5 

4 
peak as a function of T. Over this range the “apparent” c-axis changes 

by ~0.6 O. In fact, the bulk c-axis spacing does not change, but the material giving 
rise to the magnetic “critical” scattering exhibits a change in d-space. More likely, 
this represents a change of TN at the surface and the changing width is related 
to the particle size. TEM studies are now in progress to characterise the surface. 
Different fitting procedures are F&O under consideration. 

T(K) 
Figure 1. Decrease of intensity with T 
for the (0,0,1/2) reflection. 
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Figure 2. Change of position in L of the 
centre of the magnetic scattering as a 
function of T. 

X-ray magnetic scattering from single crystals of UPtGe 1 x22c 1 

S. Langridge (ESRF, EITU), G.H. Lander (EITU), Y. Yamaguchi (IMR), and D. 
Gibbs (BNL) 

The resonant magnetic scattering involving dipole matrix elements contains 
higher-order terms that give additional information on the resonant matrix elements 
involved in the scattering process. Such higher-order terms have been observed [I] 
in the 2p+5d L resonances of holmium metal, but not yet from the dipole M res- 
onances in uranium involving a 3d+5f transition. This is unusual in view of the 
fact that the enhancements for first-order harmonics at the M resonances are much 
stronger than at the L resonances. However, the interference conditions for observ- 
ing the higher-order terms are stringent. The moment configuration must not be 
collinear otherwise the geometric term will be zero [2]. Therefore, the best con- 
figuration is a spiral as in Ho). Such a magnetic structure is difficult to find in 
uranium compounds; r, ut we have tried the experiment on a single crystal of or- 
thorhombic UPtGe. Following neutron investigations this material has a cycloidal 
structure propagating in the [OlO] d irection with the spins in the bc plane [3,4]. 
This configuration, if correct, allows a 2nd 
it is not geometrically forbidden 

I 

order peak from the M-resonance (i.e. 

incommensurate, 9 = [0,0.551,0 
, and, because the magnetic propagation vector is 
, the 2q peak should be observable. 

The crystal used was polished and gave a mosaic of 0.2’. Cooling below TN 
(=51K), we found the (0, 1.4487, 0) peak of 700 cts/sec. This was disappointingly 
small, partly because of the relatively poor mosaic. Interestingly the transition at 
TN is continuous 
order parameter. (r 

/3 = 0.32) which in an orthorombic system implies a l-dimensional 
his is clearly not consistent with the previous neutron data [3,4]. 

Searches for the 29 peak failed to find any measurable intensity, < 1% of the p 
peak. A simple calculation assuming a bc plane spiral with equal uranium moments 
predicts a ratio of M 15%. Since the ratio 2q/q in Ho is M 4%, this ratio is surpris- 
ingly low in the Mrv U resonance. Unfortunately, this conclusion is correct only if 
the magnetic structure is known. The neutron study also considered a transverse 
linear wave rather than a cycloid, although with a poorer “goodness of fit” for this 
model. This transverse wave would give no 2q satellite. Further study of this prob- 
lem by neutrons and X-rays is planned to evaluate which of these alternatives is 
correct in the above interpretation. 

‘l- D. Gibbs et al. Phys. Rev. B 43, 5663 (1991) 
‘2’ J. P. Hannon et al., Phys. Rev. Lett. 61, 1245 (1988) 
‘3’ S. Kawamata et al. JMMM 104-107, 51 (1992) 
:4: R. A. Robinson et al. Phys. Rev. B 47, 6138 (1993) 



1 Resonant magnetic x-ray scattering study of DyFedAls I x22c I 
I 

_ I I 

S. Langridge (ESRF), J.A. PaixLo (U. Coimbra), G.H. Lander (EITU) and D. 
Gibbs (BNL-Physics) 

DyFedAls has the tetragonal body centred structure of ThMnrz. In the RFedAls 
(R=Actinide or rare-earth) systems almost all the Fe atoms sit on the 8(f . This 
allows a study of both the transition metal and rare-earth sublattices an h of the 
interactions between them. From neutron and transport property studies [l] the Fe 
atoms are known to order at ~175K with a temperature independent wave-vector of 
~=(0.133,0;133,0), close to the commensurate value of 2/15. At approximately 35K 
the Dy atoms order with the same magnetic wave-vector. The magnetic structure 
is complex and not completely characterised. Using a polished single crystal (with 
a mosaic width of 0.04’) resonant magnetic x-ray scattering was observed at the 
Dy Lrrr resonance (E=7.79keV 
the (220) and (330) charge pea h 

. Representative scans are shown in figure 1 around 
s. Around the (220) charge peaks symmetric satel- 

lites were observable at the +r and f2~ positrons. The energy and temperature 
dependence of the +r peak show that it is magnetic in origin whilst the f27 peaks 
arise from a displacement of the Fe atoms. The crystallographic symmetry is such 
that only the Dy atoms contribute to the scattering around the odd satellites (lower 
panel in figure 1). No scattering was observed at the 37. position. Following the 
superlattice peaks as a function of temperature (figure 2) it is clear that a signal 
exists at the (3+,3&~,0) position up to ~110K. Resistivity and susceptibility mea 
surements also indicate an anomaly in this temperature range [I]. The scattering is 
also strongly energy dependent. Since electric dipole contributions usually dominate 
the enhanced magnetic scattering we can speculate that the scattering is a result 
of the polarisation of the 5d conduction electrons by the Fe field. Below 30K there 
is a large enhancement in the magnetic signal corresponding to an increase in the 
ordered Dy moment consistent with neutron and Mijssbauer measurements [2,3]. 
Similar effects have been observed in a Nd high To parent compound [4]. Neutron 
scattering experiments are scheduled to define the magnetic moment direction and 
further x-ray studies of the polarisation and temperature dependence of the super- 
lattice Peaks (and harmonics) aim to identify the origin of the high temperature 

et al. submitted to Phys. Rev. B. 

ow and van der Kraan, J. Phys. F 8 
(1995); [3] Gubbens et E!l 

1978) 921.; [2] Paixgo and Lebech. 
. J.M.M.M. 27 (1982) 61.; [4] Hill 

Figure 1. The superlattice peaks around 
the (220) (Top) and (330) (Bottom) 
charge peaks at T=9K, E=7.79keV. 

Figure 2. Temp. dependence of the su- 
perlattice peaks. Inset shows the inten- 
sity which exists above the Dy ordering 
temp. (~35K). 

X-ray magnetic scattering of HoPr random thin film alloys. 1 x22c 

A. Vigliante, J. P. Hill, Doon Gibbs (BNL), M. J. Christensen, D. F. McMorrow 
(RISO), G. Helgesen (IFE), R. A. Cowley, M. R. Wells, R. C. C. Ward (Oxford) 

Rare earth elements have very similar physical, chemical and electronic proper- 
ties which allows an almost complete solubility, but very different magnetic struc- 
ture. Appropriate choices of rare-earth elements based on ordering temperature, 
anisotropy and controlled growth parameters by Molecular Beam Epitaxy, can tai- 
lor the magnetic phase behavior of alloys. We report a quantitative X-ray magnetic 
scattering study of the magnetic phase behavior of HoPr site-random alloys, as 
function of concentration. The heavy rare-earth Ho exhibit antiferromagnetic or- 
der below T~=132K, forming a basal-plane spiral with a propagation vector along 
the c-axis of the hcp structure. In contrast, the light rare-earth Pr, crystallizes 
in a double hcp structure (dhcp) and is antiferromagnetic only below TN =O.O5K. 
Magnetic order in Pr can be achieved by in-plane uniaxial stress or by alloying. 
Chemical and magnetic structural characterization of samples, in concentration 
ranges of 20%<Ho<80%, were studied. The correspondent phase diagram and the 
temperature dependence of the magnetic wave-vectors are shown in Figure1 and 
Figure 2. By allowing the Ho concentration to vary, the chemical structure changes 
from hexagonal close-packed, to Samarium structure and to double hexagonal close- 
packed. These changes in the chemical lattice are followed by striking changes in 
the magnetic structure and in the low-temperature lock-in transformations. X-ray 
resonant magnetic scattering was performed to isolate the magnetic ordering on 
the Ho and Pr atoms separately, by tuning the energy to the Ho Lrrr and the Pr 
Lrr edges, and to measure the induced moment on the Pr atoms as function of 
concentration. 

hq, 

splml 

. 

m II 120 0 

Figure 1. Magnetic Phase Diagram of Figure 2. Magnetic wavevector T as 
HoPr random thin film alloys. function of temperature. 
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The surface structure of cadmium selenide nanocrystallites as de- X23A2 
termined by EXAFS, FTIR, and elemental analysis I I 
A.C. Carter (NRL), M.I. Bell (NRL), K.M. Kemner (NRL), C.E. Bouldin (NIST), 

J.C. Woicik (NIST), S.A. Majetich CMU) 

Extended x-ray absorption fine structure (EXAFS), fourier transform infrared ab- 
sorption (FTIR), and elemental analysis were used on a variety of CdSe nanocrys- 
tallites 
standar d 

NC’s) m order to study their surfaces. All CdSe NC’s were grown by 
microemulsion techniques. Two sets of NC’s samples were made. One set 

was made so that only the size of the NC’s were varied, while the surface treatment 
was kept the same. The other set was made so that only the surface treatment was 
varied, while the size distribution was kept the same. For the EXAFS experiments, 
reference compounds were made so that differential measurements could be made, 
reducing the ambiguity of analysis. FTIR was found to be an excellent probe of 
the local environments of the surface Cd and Se atoms. The surface Cd atoms are 
passivated by pyridines and perchlorate groups. EXAFS was able to confirm the ex- 
istence of perchlorate groups attached to the surface Cd atoms. Elemental analysis 
also supports the existence of Cl in the samples. The lack of any Se0 and SiMe3 in 
the FTIR signal indicates that the surface Se atoms are bare. Fourier filtered first 
shell EXAFS spectra indicate that the only thing bonding to Se in the NC samples 
is Cd with a reduced coordination number from the bulk, suggesting surface Se 
atoms are bare. This indicates the existence of amany Se lone pair orbitals that can 
trap an excited hole. 

1 EXAFS Study of Co/X Multilayers 1 X23A2 1 

M. Franklin and R. Loloee, Michigan State University 

Metallic multilayers involving Co produce a wide variety of magnetic effects and 
a mixture of structures. Co/Cu and Co/Ag are giant magneto- resistance (GMR 
systems for which a mixture of FCC and HCP structures is ofetn claimed. Co/P d 
has a change in magneto-anisotropy as layer thickness increases and CO/MO is a 
system with conflicting claims about structure. We have begun fluorescence EXAFS 
studies for these systems with the Co layer thickness fixed at 2 monolayers (ML) as 
a means of testing the affects of structure upon magnetic properties. 

With these artificially layered samples, the choice of a suitable standard becomes 
a problem. We have chosen data for pure Co metal as a standard which can be 
used to identify trends reliably. Initial results for our samples have produced one 
confirmation of results obtained for thicker layers and two features requiring further 
study. Confirmation. An earlier study of Co y ML/ Ag 17 ML samples indicated 
the apparent coordination number of the first shell for Coi decreased from 12 to 8 
as y decreased from 17 to 3 while the saturation magnetization remained essentially 
constant [l]. The 2 ML Co results are consistent with those results. Featurel. 
A number of earlier studies [2,3] for thicker Co/Cu samples agreed that the coor- 
dination number for Co remamed constant at 12 and that it was not possible to 
distinguish between Co and Cu atoms in that first shell. However, initial results 
for Co 2 ML/Cu y ML have the coordination number increasing monotonically by 
2Oincreases from 3 to 17. The Debye-Wailer and R(NN) values do not change sig- 
nificantly from values found for the thicker samples and thus this increase is not a 
simple correlated parameter change. Featurea. The EXAFS signals in CO/MO and 
Co/Pd samples with 2 ML Co layers have a qualitative change in their form: The 
siganls appear to be a smoothly decaying single frequency. Thjis changes suggest 
local disorder. XRD data for CVo/Mo also indicates disorder and magnetism is 
lost. XRD data for Co/Pd indicates good long range order and magnetism is not 
lost. We are varying our analysis procedures to find a reliable quantitative measure 
of the local disorder in these samples. 

[l] C. L. Foiles, et al. MRS Symp. 307,149 (1993). [2] S. Pizzini, et al., Phys. 
Rev. B 47, 8745 (1993). [3] C. L. F rl o’ es, et al., MRS Symp. Proc. 375,207 (1995). 
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XAFS Studies of MnSe/ZnTe Superlattices 

A. J. Kropf, B. A. Bunker, J. K. Furdyna, Q. Lu (Notre Dame), and K. M. Kemner 

WL) 

Polarization dependent XAFS, employing the total electron yield (TEY and 
energy discriminating fluorescence detection techniques, has been used to stu d y the 
structure of MnSe/ZnTe (001) superlattices grown by MBE. These superlattices 
consist of 100-300 periods of A/B layers with A and B ranging between 4 and 
25 monolayers. Neutron scattering data on these materials show an unique anti- 
ferromagnetic helimagnetic phase at low temperature which is tunable by varying 
the thickness, temperature and strain of the MnSe layer (T. M. Giebultowicz, et. 
al., Phys. Rev. B (Rapid Comm.) 46, 12076, 1992). 

Of particular interest is the interface between the magnetic MnSe layers and 
the ZnTe layers, which act as a non-magnetic buffer, magnetically isolating the 
individual MnSe layers, and the effect of the interface on the strain in the MnSe 
layers. Polarization dependent XAFS taken at different edge energies coupled with 
x-ray diffraction results can distinguish between different models of the structure 
at the interface. 

In the data shown below, one can clearly see the effect of the lattice mismatch 
between MnSe and ZnTe as the MnSe bonds bend, while stretching only minimally, 
to accommodate the ZnTe lattice spacing. This reduces the first shell amplitude of 
the the XAFS for x-ray polarization vector perpendicular to the plane of superlattice 
growth relative to the amplitude of the XAFS for the polarization vector in the plane 
of the superlattice layers. 

m s 0.020 

‘c - parallel polarkatlon 
P --- porpendiwlar poladzation 
a 

!i 
8 0.010 

XAFS Investigation of Thermal Structural Disorder at GaSb/AlSb XllA, 
Superlattice Interfaces X2382 

Q. Lu, B. A. Bunker, A. J. Kropf, S. W. Short, S. H. Xin, J. K. Furdyna (Notre 
Dame) 

Although surface melting is now well established, the comparable effect at internal 
interfaces has not been studied to anywhere near the same extent. As part of a larger 
program to study interfacial properties, we have studied GaSb/AlSb superlattices 
using X-ray Absorption Fine Structure (XAFS) with total electron yield (TEY) 
detection. These Ga K-edge measurements have focussed on thermal vibration 
amplitudes as a function of temperature, polarization, and GaSb layer thickness 
(either 2OAor 40A). In XAFS measurements, the thermal vibration amplitude is 
reflected in the relative radial Debye-Waller (DW) factor, which may be probed as 
a function of angle and therefore probe in-plane and out-of-plane atomic correlations 
separately. 

The measurements show that the DW factor of Ga at the GaSb/AlSb superlattice 
interface is much higher in the perpendicular direction than in the parallel direc- 
tion. This anisotropy increases with temperature and decreases with GaSb layer 
thickness, and for a pure GaSb film the anisotropy is negligible. The experimental 
results also shown that the DW factors in the parallel direction are similar between 
GaSb(40A)/AlSb(40A) and GaSb(20A)/AlSb(40A), but in the perpendicular direc- 
tion the DW factor of the GaSb(20A)/AlSb(40A) is much higher than that of the 
GaSb 

I, that t 
40A)/AlSb(40A). Although this is not direct evidence, this strongly suggests 
e interface initiates the melting process. 

Radial Distribution (Angstroms) 

Figure 1. Mn Edge Fluorescence Data (Sample 9006224) 
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Fz X-ray Study of Atomic Correlations in ZnCdSeTe Epitaxial Thin Xl& 

Films X23A2 

Q. Lu, B. A. Bunker, H. Luo, A. J. Kropf, K. M. Kemner, J. K. Furdyna 

X-ray Absorption Fine-structure Spectroscopy (XAFS) have been performed at 
approximately 99K to study the local structure of thin films of the II-VI quaternary 
alloy Zno.sCdo.6Seo.sTeo.s. Samples were grown by molecular beam epitaxy (MBE) 
on (100) GaAs substrates, 4’ miscut towards the (lll)B direction with a ZnTe 
buffer layer. The XAFS data indicate that there are more Zn-Se and Cd-Te bonds in 
the alloy than expected for a random arrangement. The results imply the formation 
of high-strain local structure and indicate that electronic pairing energies dominate 
over strain energy. These results are similar to the earlier observation of interlayer 
switching in ZnTe/CdSe superlattices. Although no long-range ordering is observed 
in our room-temperature diffraction measurements, the preference of Zn-Se and Cd- 
Te bonding also implies a tendency to spontaneously form a composition-modulated 
microstructure. 

1 XANES study of Cr dopants in oxides 1 X23A2 1 

K. E. Miyano (Brooklyn College), J. C. Woicik (NIST), D. Huang (Brooklyn Col- 
lege, Sujaatha Devi, and H.D. Gafney (Queens College) 

The presence of Cr4+ in Cr-doped MgzSiO4 (forsterite) is critical to the lasing 
of this material. Other promising Cr-doped oxides are presently being synthesized, 
and the oxidation state of the dopant Cr atoms is always a critical parameter. X- 
ray Absorption Near Edge Structure (XANES data were recorded at the Cr K 
edge for Cr dopants in MgzSi04, NaAlOz, an d SiOz in order to evaluate the Cr 
oxidation state. Transmission and fluorescence spectra were acquired using the 
Si (311) double-crystal monochromator, ion chambers, and a Lytle fluorescence 
detector equipped with a vanadium filter. 

XANES spectra were collected from the following standards: Cr metal, CrClz, 
CrzOs, CrOz, and CrOs as standards for the 0, 2+, 3+, 4+ and 6+ oxidation states 
of Cr, respectively. The Cr-doped NaAlOz samples yield a near edge spectrum that 
is clearly indicative of the Crat oxidation state. Although optical measurements 
have signalled the presence of Cr4+ in NaA102 upon synthesis, this measurement 
indicates that the Cr is susceptible to further oxidation with time. The doped 
MgzSi04 samples, on the other hand, are known to have stable Cr. Our initial 
attempts to interpret the spectra from these samples focussed on the strong preedge 
peak, which appears in the spectra for higher oxidation states. Also, in the XANES 
from the standards, the position of the main absorption edge, determined from 
the peak in the first derivative of the spectra, is observed to have a direct variation 
with oxidation state. In light of this dependence, analysis of the edge position in the 
forsterite compound suggests that the Cr in thus sample exists in several oxidation 
states. 

. . _ 



Microstructural control of the pore and grain size evolution in sili- X23A3 
con nitride during processing. I I Diffraction Imaging of ZnSe Substrates for Blue/Green Emitters 1 X23A3 1 

A.J. Allen, G.G. Long, S. Krueger, J. Wallace (NIST), and C.J. Hwang (Dow) 

Ultra small-angle x-ray scattering (USAXS) was combined with multiple small- 
angle neutron scattering (MSANS) to study the microstructural evolution during 
sintering of the technologically important structural ceramic silicon nitride. USAXS 
studies utilized maximum entropy (MaxEnt) size distribution analysis to determine 
volume-weighted pore size distributions during late sintering. Fig. 1 relates to 
pressureless-sintered MgO-doped commercial grade SisN4, Fig.2 to gas-pressure- 
sintered YzOs-doped research grade SisN4. Porod, MSANS and volume-weighted 
mean pore diameters, and some mean grain diameters from SEM images, are marked 
in Fig. 1. At high density, grains coarsen while pores shrink slightly. Comparison of 
MSANS and Porod pore diameters (from SANS or USAXS Porod scattering) con- 
firms that sintering is stable, pore size distributions neither narrowing nor broad- 
ening with densification. A change in pore size distribution, evident at 92% TD, is 
probably associated with microcracking as equiaxed alpha grains start to transform 
to elongated beta phase grains. Fig. 2 shows broad unimodular pore size distribu- 
tions, with pore shrinkage apparent at high densities (grain coarsening similar to 
MgO-doped case). Complete absence of a separate fine pore population indicates a 
likely absence of microcracking during the phase transformation. MaxEnt volume 
fractions are less than true porosities, likely due to a reduced scattering contrast 
from the sintering aid, combined with glassy silica phases, lining the pore space 

6 
Porod diameters deduced from USAXS with corrections for contrast reductions). 
ifferences in pore size evolution for the two cases are striking, illustrating how 

such studies can quantify differences in the statistically-representative microstruc- 
tural evolution under varied processing conditions. 
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Figure 1. Volume-weighted porosity 
distributions in late-stage pressureless- 
sintering of MgO-doped silicon nitride. 
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Figure 2. Volume-weighted poros- 
ity distributions in late-stage pressure- 
sintering of yttria-doped silicon nitride. 

David Black, Harold Burdette (NIST), G ene Cantwell (eagle-Picher Research Lab) 

The unique capabiities of X23A.3 have been used to study the defect microstruc- 
ture of ZnSe single crystals grown by Eagle-Picher. We have observed defects such 
as subgrain boundaries, inclusions, inhomogeneous strain and residual subsurface 
damage. Surface reflection images show a texture which is related to the bulk defect 
density. Subsurface damage, observed from as polished crystals with nearly mirror 
smooth surfaces, results from the processing of thee wafers from the as-grown boule. 
Highly asymmetric (grazing incidence) diffraction images improve our sensitivity to 
surface damage and these images have revealed an “orange peel” texture in the mi- 
crostructure that probably results from chemo-mechanical polishing of the surface. 
The high quality of the crystals allowed us to obtain anomalous transmission images 
as shown below. The dislocation density calculated from selected areas is between 
640 and 1300/cm2. 

Figure 1. A (220) symmetric transmission image taken with 9.5 keV x-rays. 
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r: 0) Studies of Plasma-Sprayed Deposits using USAXS 1 X23A3 

Submicron Resolution Strain Mapping of an In-situ Strained High- X23A3 
Tc Superconductor Composite Tape by Microradiography 

J. llavsky (SUNY at Stony Brook, NIST), G. G. Long, and A.J.Allen (NIST) R.D. Spal (NIST), G.N. Fliley and C. Christopherson (American Superconductor 

The structure of the porous phase in plasma-sprayed ceramic deposits made of 
alumina (3wt% titania) was studied using ultra-small-angle X-ray scattering (US- 
AXS). The data were combined with small-angle neutron scattermg measurements 
using overlapping scattering vector (Q) ranges, and achieving a scatterer size range 
from 20 A to 2 pm (diameter). 

The porous microstructure in plasma-sprayed deposits is mainly formed by two 
void systems - interlamellar pores and microcracks - each with different anisotropy. 
The microstructure has rotational symmetry around the spray direction but there 
is significant anisotropy in the two directions perpendicular to the spray direction. 

The USAXS measurements yield slit-smeared data. To obtain separate informa- 
tion on the two void systems, measurements are made with different Q orientation 
with respect to the anisotropy. 

Porod results showed that there are two scatterer populations: one with size 
larger than 2 pm (with surface area about 0.3 x lo4 cm2/cm3) and one with smaller 
scatterers (surface area around 2 x lo4 cm’/cm’). Further analysis requires shape 
assumptions on the smaller scatterers and is under further evaluation. 

10.14 lo"2 W0 W8 10'8 W 
Q4 [Ad] 

Figure 1. Modified Porod plot (IQ” vs Q4 for measurements with Q oriented differ- 
ently with respect to the substrate. The plateau at small Q suggests the presence 
of a second void system with large sizes (above about 2 ,um). 

Corp.) 

Strained multifilamentary Bi-2223/Ag high-Tc superconductor composite tapes 
exhibit substantial critical current (1,) at strains well past the critical strain at 
which Ic drops sharply from its unstramed value (Otto et al., IEEE Trans. Appl. 
Supercond. 3, 915, 1993). To study this behavior., the strain distribution in a 
tape tensilely strained in-situ to 0.91% was determmed non-destructively by ml- 
croradiography. Figure 1 shows pre- and post-strain images recorded digitally by 
an asymmetric Bragg diffraction microscope at 24.4 keV. The two bright vertical 
streaks in the post-strain image are strain- induced cracks in the filaments. Figure 
2 shows the strain distribution along the filaments, determined by image analysis. 
Each point in the graph represents a 20 pm wide strip across the full image height; 
its abscissa is the strip’s position in the pre-strain image, and its ordinate is the 
strip’s horizontal displacement from pre- to post-strain images. 

The magnitudes of the discontinuities are the opening dimensions of the cracks. 
The relatively small variation in displacement away from the discontinuities shows 
the strain is concentrated at the cracks. 

1.25 
POSITION. MM 

Figure 2. Uniaxial strain distribution de- 
termined from fig. 1. 
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1 Fe in natural zeolites: can it be localized by XAFS? ( X23B 1 

M. Endregard (Univ. of Trondheim, Norway), A. F. Gualtieri, S. Quartieri, G. 
Vezzalini (Univ. of Modena, Italy), and K.I. Pandya (NCSU). 

Zeolites are microporous crystalline solids with a framework structure composed 
of corner sharing TO4 tetrahedra. Si or Al are the usual T elements which can be 
replaced partially by other elements such as Fe generally in small percentages). 

6 XRF or EPM analyses of natural samples often s ow minor amounts of iron, but 
its nature is in many cases unclear and debated. Three major hypotheses have been 
advanced in literature: 1) Fe substitutes for Al in the framework, 2) Fe is present 
as an extra-framework cation, 3) Fe is structurally related to impurities such as hy- 
droxides or oxides. It is experimentally difficult to elucidate the state of Fe because 
submicronic iron hydroxide and -oxide particles can not be separated from the zeo- 
lite material. If Fe is present as a exchangeable cation, low concentrations make it 
difficult to detect Fe in the exchanged solution. Furthermore, a sample can contain 
iron in all three possible sites. MGssbauer and XAS studies devoted to localizing 
Fe in zeolites have been successfully performed on synthetic samples [I], whereas, 
to the authors knowledge, not on Fe in natural samples. Local structural infor- 
mation about Fe derived from XAFS can provide some information on the state 
of Fe in zeolites. If Fe substitutes for Al, the zeolite lattice would require Fe to 
be tetrahedrally coordinated to 4 0. While Fe present as extra-framework cations 
or hydroxide/oxide impurity phases would most likely contain six-coordinated Fe. 
Three samples have been selected among a variety of natural zeolites: a mordenite 
[2], a ferrierite [3], and a heulandite [4] containing about 0.71, 3.29, and 1.55 % of 
FezOs+FeO, respectively. We have collected RT Fe K-edge XAFS data in fluores- 
cence mode on these samples and selected model compounds. Figure 1 shows the 
normalised XANES spectra of the zeolite samples. The intensity and position of the 
pre-edge peak has been used as a useful diagnostic feature of the coordination of 
Fe.[l] Preliminary analysis of our data is consistent with Fe in prevalent octahedral 
coordination. 

L 
l] Bordiga S., Geobaldo F., Lamberti C., Zecchina A., Boscherini F., Genoni F., 
eofanti G., Petrini G., Padovan M., Geremia S., and Vlaic G. (1995). Nucl. Instr. 

and Meth. in Phvs. Res. B97, 23-27. 
Passaglia E. (i9’75). Contrib. Mineral, Petrol. 50, 65-77. 
Alietti A., Passagha E., and Scaini G. (1967). Am. Min. 52, 1562-1563. 
Passaglia E. (1969). Per. Mineral. 2, 237-243. 
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fs Figure 1. Normalised Fe K edge spectra for the investigated natural zeolites. 
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Study of microstructure of NLO active chromophoric self-assembled 
multilayers using specular reflectivity I I 

X23B 

A. Malik, W. Lin, M. K. Durbin, S. B. Roscoe, A. G. Richter, T. J. Marks and P. 
Dutta (Northwestern University) 

We have used specular reflectivity to probe the microstructure of chromophoric 
self-assembled multilayers containing high p chromophores. These films were pre- 
pared by a repetition of a three step process consisting of depositing a coupling 
agent, the NLO active chromophore, -and a capping agent. We have investigated 
the structural changes that take place due to to subtle changes in the molecular 
building blocks. Films containing 1 to 10 layers were studied and the thickness in- 
creases linearly with number of layers in all cases. A plot of thickness verses number 
of layers, for the systems studied is shown in figure 1. Typical reflectivity data for 
these systems are shown in figure 2. 

We first studied the effect of changing the anion in the coupling agent. Systems 
containing chlorine, bromine or iodine were compared. We find that the aver- 
age layer thickness in films containing the chlorine and bromine coupling agents 
both agree well with molecular models (26.4A for the chlorine system, 25A for the 
bromine system). In contrast the average thickness increases to 36Awhen we switch 
to the iodine system. 

We used the chlorine coupling agent to study the differences in films containing 
two different chromophores. Stilbazolium and azobenzene chromophores were com- 
pared, We find that films containing azobenzene chromophores tend to be thinner 
(23.2A per layer than films with stilbazolium chromophores. 

1) W.Lin, S. 3 itzchaik, W.Lin, A.Malik, M.K.Durbin, A.G.Richter, G.K.Wong, 
P.Dutta and T.J. Marks, Angew. Chem. Int. Ed. Engl. 34, 1497 

2) S.B.Roscoe. A.A.Kakkar, T.J.Marks, A.Malik, 6 
1995). 

M.K. urbin, W.Lin, 
G.K.Wong and P.butta, Langmuir in press. . 

This work was supported by the NSF-MRL program through the Materials Re- 
search Center of Northwestern University (Grant DMR9120521) 
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Figure 1. Thickness as a function of 
Figure 2. Typical reflectivity data for 

number of layers for the four systems. 
multilayers (6 layers) of the systems 
studied. 
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Angular Correlation in Electron/X-ray Coincidence Spectroscopy ( X24A 1 

U. Arp (NIST), T. LeBrun, S. Southworth, M. Jung (ANL), and J. Cooper (UMD) 

Last year we reported a new coincidence technique to select a certain decay 
pathway in the deexcitation cascade of an atom after deep inner-shell photoion- 
ization/excitation. The resulting spectra could be explained using Hartree-Fock 
calculations [1,2]. Certain intensity changes in coincident recorded electron spec- 
tra compared to normal electron spectra motivated a theoretical study on angular 
correlation effects [3] in the coincidence spectra. When two particles are detected 
coincident with some angular resolution, angular correlation will affect the spectra. 
In this case the propagation direction of the detected fluorescence photon defines 
the quantization axis for the angular distribution in the following Auger-process. 
In the theoretical analysis of the experiment we found intensity changes depending 
on the direction in which the photon is detected. Knowing this we initiated an 
experiment aimed at these effects and first preliminary results using a large area 
avalanche photo diode showed agreement with theory. 

T. LeBrun et al., in preparation for Phys. Rev. Lett. 
U. Arp et al., in preparation for Phys. Rev. A. 
N. Kabachnik et al. J. Phys. B: At. Mol. Opt. Phys. 24, 2249 (1991). 

Resonant x-ray fluorescence study of uranium oxides 1 X24A 1 

S. M. Butorin, J. Nordgren (Uppsala U., Sweden), Y. Ma (U. of Washington and 
Pacific Nothwest Labs.), K. E. Miyano (Brooklyn College), D. C. Mancini (U. of 
Lund, Sweden), B. A. Karlin (NIST), and D. K. Shuh (LBL) 

The U 5f-to-3d x-ray fluorescence spectra of UOz and UOs were recorded at 
different excitation energies near the U 3d threshold. For UOz, the resonant part of 
the fluorescence (Fig.1) consists of the “recombination” line and a broad structure 
at lower energies which can be attributed to the core-hole decay to the states of 5f2 
and 5fsv (v stands for a hole in the valence band) configurations, respectively. This 
shape of the resonant spectra is due to the configuration mixing in the ground and 
intermediate states of the x-ray fluorescence process as a result of the transfer of an 
electron from the valence band to the 5f level. For UOs, the triple-line shape of the 
U 5f-to-3d fluorescence spectrum (Fig.2) excited with 3563.9-eV photons indicates 
that the ground state of UOs is a mixture of 5fe, 5f’v and 5t?v2 configurations. 
Tuning the excitation energies to satellites in the U Ms absorption edge of UOs at 
about 3 eV and 10 eV above the main absorption maximum leads to an enhancement 
in the transition rate to 5f’v and 5t?v2 states in fluorescence spectra at about 8.5 eV 
and 14.5 eV below the recombination peak, respectively. These resonances indicate 
the charge-transfer origin of absorption satellites. 

3520 3530 3540 3550 356Q 3570 3520 3530 3540 3550 3560 3570 
Energy [cl’] Energy [cl’] 

Figure 1. The U Ms x-ray absorption 
and resonant U 5f-to-3d x-ray fluores- 
cence spectra of UOz. The arrows indi- 
cate the excitation energies used for the 
fluorescence spectra. 

Figure 2. The U Ms x-ray absorption 
and resonant U 5f-to-3d x-ray fluores- 
cence spectra of UOs. The arrows indi- 
cate the excitation energies used for the 
fluorescence spectra. 



X-ray Standing Wave Investigation of (lx2)Rb/Cu(llO) ) X24A 

D. Heskett (URI), L.E. B erman, and C.-C. Kao (NSLS) 

The 
alkali 

1x2) missing row reconstructions of FCC (110) metal surfaces induced by 
a 6 sorption have served as prototypic systems for the study of adatom-induced 

surface reconstructions. We have carried out the first investigation of such a system 
XSW investigation of 
in the back-reflection 

geometries. Auger and 
n Figure 1 we present a 

core level. Our 
most significant result is the relatively high coherent fraction we observed for the 
rubidium atoms in this geometry (~0.5-0.8), 
order parallel to the surface along the [Ol] 

indicating a relatively high degree of 
d irection, which is across the missing 

rows. This result is quite different from our previous study of Rb/Cu(lll) (1,2), 
for which we observed very low coherent fractions (<0.2) for all coverages in the 
geometry parallel to the surface. For Rb/Cu(llO) we account for our results by 
assuming that the missing row nature of the reconstruction “locks” the Rb atoms 
into the missing row troughs. In a recently completed XSW study which probed 
the order in the [lo direction along the rows, we found the degree of order to be 
significantly reduce d , as indicated by a very low coherent fraction for this case, and 
which is consistent with our other results. 

D. Heskett, L. Berman, C.-C. Kao, and M. Bedzyk, Phys. Rev. 

press. 
. Xu, L. Berman, C.-C, Kao, and M. Bedzyk, Surface Science, in 

1170 eV Rb 2pw Photoeldron XSW Data, 1 ML Rb/Cu(llO) 

-2 4 0 I 2 
Relalwc Energy (6’) 

Figure 1. The x-ray standing wave yield for the Rb 2p3/z core level for 
(lx2)Rb/Cu(llO) t k a en in the (111) reflection centered around an incident pho- 
ton energy of 2974 eV. The upper curves are the XSW yield (dots) and simulation 
using dynamical diffraction theory (solid line). The lower curves are x-ray reflec- 
tivity (crosses) and fit (solid line). 

Dynamical Bragg Diffraction and X-Ray Standing Waves from Qua- 
sicrystal AlPdMn 

X24A 

Terrence Jach (NIST), S. M. Thurgate (Murdoch U.), Y. Zhang, R. Colella (Purdue 
U.), S. W. Kycia (Cornell U.), and A. I. Goldman (Iowa State U.) 

X-ray diffraction from very perfect quasicrystal specimens might be expected to 
demonstrate the nature of dynamical diffraction in the quasilattice. The Darwin 
width of the rocking curve is due to a “structure factor” which does not originate 
from a periodic unit cell, The meaning of the OL and p branches of the dispersion 
surface is less clear than for atoms occupying periodic positions relative to the 
diffraction planes in a normal crystal. 

We have observed diffraction from the 420024) and (640046) reflections of an 
AlPdMn quasicrystal in the back-reflection $ ragg geometry (0B=90°). The rocking 
curves observed by scanning the X24A monochromator in energy display Darwin 
widths consistent with dynamical theory (Fig.1). X-ray Ka fluorescence observed 
from the Al atoms during the scan exhibits x-ray standing wave behavior similar 
to that of a crystalline material (Fig. 2). The data suggest a “coherent position” 
for the Al atoms and the first direct observation of long range ordering of specific 
elements in the quasicrystal. 

0,=90°, Diflrncllon Peak Enorgy Scan 

Figure 1. Figure 2. 
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Non-dipolar asymmetries of photoelectron angular distributions 1 X24A 

M. Jung, B. Kriissig, D.S. Gemmell, E.P. Kanter, T. LeBrun, S.H. Southworth, 
and L. Young (Argonne National Laboratory) 

We have measured the non-dipolar contributions to the Ar Is, Kr 29, and Kr 2p 
photoelectron angular distributions using 2 - 5 keV polarized x-rays from beamline 
X24A. The non-dipolar interaction results in a forward/backward asymmetry with 
respect to the photon beam. This asymmetry was measured by rotating an electron 
spectrometer about the polarization vector with a fixed polar angle of 54.‘7’, thus 
eliminating the angular dependence on the p parameter. Figure 1 shows the setup 
used in the experiment. The CMA was used for normalisation. We rotated the 
parallel plate analyser (PPA several times in steps of 15’ with a dwell time of 
typically 1 minute and a tot a time of 5 minutes per point. 

Figure 2 shows our measured values of the non-dipolar asymmetry parameter 7 
for Kr 2s in comparison with Cooper’s calculations [I], which include interference be- 
tween the electric-dipole and electric-quadrupole photoionization amplitudes. The 
Kr 2s asymmetry is directed forward near threshold, is slightly backward directed 
for electron energies between 900 eV and 2300 eV, and becomes increasingly for- 
ward directed at higher energies. The 7 parameter for Ar 1s and Kr 2p shows a 
very different energy dependence but is also in good agreement with Coo er’s l] 
and Bechler and Pratt’s [2] calculation. You can find further details in [3]. fl] J. Jv . 
Cooper, Phys. Rev. A 47, 1841 (1993) 

A. Bechler and R.H. Pratt, Phys. Rev. A 39, 1’7’74 (1989); 42, 6400 (1990) 
B. Kraessig et. al., Phys. Rev. Let. ‘75, 4736 (1995) 

Figure 1. Experimental setup with coor- 
dinates used for the description of pho- 
toelectron angular distributions. 

Figure 2. Asymmetry parameter 7 in de- 
pendence on electron kinetic energy for 
3c$ 2sd?s;npared with Coopers theoreti- 

X-ray scattering of atoms and molecules ( X24A 

K. Miyano (CUNY), U. Arp (NIST), and S. Southworth (ANL) 

The diagram K beta fluorescence spectrum of OCS after 1s photoionization of 
sulphur l] has been known for many years. A recent calculation by Meehan et al. [2] 
predicte L a strong influence of the spectator electron in the resonant scattering case, 
which initiated this experiment in which we looked in the fluorescence after resonant 
excitation or the resonant inelastic scattering using a bend crystal spectrometer. 

The resonance fluorescence appears different from the diagram fluorescence open- 
ing a rich source of information on molecular structure, even more so if a polariza- 
tion analysis is performed, which gives directly information on the symmetry of the 
involved molecular states. In a second experiment we were looking for the Compton- 
scattering of atomic argon at 2982 eV and 4000 eV incident photon energies. We 
found very broad peaks at energies lower compared to the Rayleigh-scattered peaks, 
but these peaks are shifted by the same energy at both energies, which makes clear 
that this is no Compton-scattering. Much more likely is a scattering process were a 
valence electron is photoionized and then recombines to a highly excited state [3]. 

Chem. Phys. 81, 33’75 
Larkins, to be publishe 6 

1984). 
. 

L.P. Pitaevskii, Quantum Electrodynam- 
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An electron-electron coincidence experiment near the Ar K-edge * ~248 

R. Wehlitz, L. Pibida, J.C. Levin, and I.A. Sellin (Univ. of Tenn.) 

During our first beam time of this project we have taken electron spectra as well 
as electron-electron coincidence spectra around the Ar K-edge. The monochrom- 
atized synchrotron light was intersecting an effusive gas beam. Electrons comin 
from this interaction region were detected with a cylindrical mirror analyzer 
and a time-of-flight 

6 

(CMA ‘j 

izontal and the CM 
TOF) spectrometer. The TOF spectrometer was mounted hor- 

was mounted vertical in a plane perpendicular to the photon 
beam. The CMA was equipped with a position sensitive anode, thereby capable of 
measuring the angular distribution of electrons. In order to detect electrons of low 
kinetic energies, the chamber was covered with CL-metal on the inside. The electron 
spectra taken on the Ar 1s + 4p resonance reveal a complex structure of low kinetic 
energy Auger lines particularly around 5eV) not seen before (Fig. 1). However, 
the intensity is too \ ow for a detailed analysis of these Auger lines yet, but will 
be part of future investigations. The main goal of our investigations was to record 
the Ar LMM Auger lines in coincidence with one KLL Auger line to disentangle 
the complex structure of the LlMlM Auger group. While the CMA was tuned to 
the KLzLs Auger line, the group of LMM Auger lines was detected with the TOF 
spectrometer (Fig. 2). Unfortunately the line width was broader than expected due 
to our electronics. Modifications for our next beam time are expected to increase 
the time resolution and will enable us to analyze the line structure of the LlMM 
Auger lines. 

Strain relaxation of ultrathin InAs/GaAs(OOl) films X24A 

J.C. Woicik (NIST), K.E. Miyano (Brooklyn), J.G. Pelligrino (NIST), P.S. Shaw 
(NIST), S.H. Southworth (NIST), and B.A. Karlin (BNL) 

The strain relaxation of ultrathin InAs films embedded in host GaAs(OO1) has 
been followed by the x-ray standing wave and extended x-ray absorption fine- 
structure techniques. While 1 monolayer (ML films are found to be tetragonally 
distorted in accordance with the prediction o J macroscopic-elastic theory, thicker 
films are found to collapse to their natural-lattice constant past a critical thickness, 
Tc, of 2 ML. By 8 ML, bond-length strain is no longer evident, and a large degree 
of structural disorder is observed. 
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Figure 1. Low energy part of a TOF 
Auger electron spectrum taken on the Ar 
1s --t 4p resonance 
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L Refractive and extinction indices of Lithium Triborate in 55-71 eV x24C 

region * 

T.J.Chen (Southern Illinois U.), WXHunter (Sachs Freeman Assoc.), R.Zitter, 
R.Tao (Southern Illinois U.), J.C.Rife (NRL) 

Nonlinear optical crystal lithium triborate (LiBsOs, or LBO) has direct band 
ga at -7.8 eV, therefore it is opaque in 55-71 eV region. The refractive indices 
nj j=x,y,z), and extinction indices kj (j=x,y,z) for three principal polarizations were f 
derived from the measured reflection spectra in 55-71 eV region. In the derivation, 
the electric dipolar oscillator model was used: assuming nj(E) and kj(E) can be 
obtained by the complex refractive indicies B=n+ik, and it can be found by Snell’s 
law: 

sin0 = iijSi7Jj 

And the complex refractive index ii is related to the complex dielectric constant gj 

cj = ii; = 1+ JTzj = 1+ c Mid% - E) + Mijr;j 
i (Eii - E)’ + r~j (E;j - E)’ + r; 1 

where the summation goes over i=1,2,3,4,5,b,r; the osillators of l-5 represent the 
transitions observed in our experiments. All other oscillators outside our spectral 
region are represented by two terms: the b for higher energy side, and r for lower 
energy side. Then the Fresnel formula was used to calculate the reflectance to fit 
the experimental data. The following parameters were obtained from the best fit 
and are listed in the table: 

4 65.5 .006 .80 64.3 .004 .60 65.5 .021 1.2 

5 67.8 .042 2.5 67.4 .080 2.8 67.9 .057 2.2 

r 29.0 9.56 15.8 41.5 5.7 15.2 47.9 3.46 8.8 

1 b 1 86.0 1 2.86 1 6.0 1 86.0 1 2.20 1 6.0 1 86.0 1 0.80 1 6.00 1 

Figure 1. 

* This work is supported by Illinois Board of Higher Education. 

Photoemission and C-19 near-edge absorption from photopolymer- x24C 
ized Ceo films * I I 
B.S. Itchkawitz (Fritz-Haber-Institut, Berlin),J.P. Long (NRL), T. Schedel-Niedrig 

(Fritz-Haber-Institut, Berlin), M.N. Kabler (NRL), A.M. Bradshaw, R. Schlogl 
(Fritz-Haber-Institut, Berlin), W.R. Hunter (SFA, Inc.) 

Photopolymerization of pure C&s films has been characterized using valence-band 
and C-1s photoemission and near-edge absorption spectroscopy [l]. Figure 1 com- 
pares valence-band PES of pristine films with those of films polymerized to satura- 
tion at 300K by pulsed radiation from a Cu vapor laser (2.43 eV, 5 ns). Data for 
four synchrotron-radiation energies are shown, along with calculated (LDA) densi- 
ties of states for Css molecules (solid curve) and polymerized dimers[2]. Similarities 
between measured and calculated features are evident. The C-1s data suggest that 
roughly 12% of all C atoms is engaged in new bonding. The photopolymerization 
efficiency at 84K is less than 1% of that at 300K. Kinetics at three fluences are 
illustrated in Fig. 2, which shows the rise with dose of a simple saturating function 
of the amplitude A of spectral features associated with polymerization. The rate 
constant, shown vs. peak laser intensity in the inset, becomes sublinear at high 
intensity. This suggests concentration dependent recombination of those excited 
states which are precursors to polymerization. The line in the inset is an extrapo- 
lation of prior Raman data [3] for laser intensities lower by a factor lo6 than used 
here. 

B.S. Itchkawitz et al., Chem. Phys. Lett. 243, 211 (1995). 
M.R. Pederson and A.A. Quong, Phys. Rev. Lett. 74, 2319 (1995). 
Y. Wang et al., Chem. Phys. Lett. 211, 341 (1993). 
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Structural Determination of the pSiC(lOO)-c(2x2) Surface from C-1s 
Surface-Core-Exciton and Si-2p Absorption * 

x24c 

J. P. Long (NRL), V. M. Bermudez (NRL), D. E. Ramaker (George Washington 
Univ.) 

The C-terminated (100) surface of @Sic, which reconstructs as ~(2x2 , is impor- 
tant for its chemical inertness and thermal stability. Two structures, t h e n and u 
models sketched in the figure, have been proposed for this surface. We have mea- 
sured the polarization dependences of the near-edge absorption spectra of two C-1s 
surface core excitons (SCE). A sample of data is shown in the figure. Thresholds are 
marked,and insets show angle dependences. These data establish conclusively that 
the ?r structure, with staggered rows of a-bonded C dimers bridging underlayer 
Si dimers, is correct. This conclusion is supported both by Si L-edge NEXAFS, 
which provide evidence for Si dangling-bond states present only in the n-bonded 
model, and by MO cluster calculations, which identify these Si states and which 
support our interpretation of the polarization data. This work also verifies recent 
ab-initio calculations. Furthermore, we observe a strong resonant photoemission in 
the valence band which accompanies the de- excitation of the C-1s SCE. C dimers 
on SiC(lOO)-c(2x2) are isolated and thus produce relatively strong SCE absorption 
features, unlike the extended states on diamond (111)-(2x1). 

Figure 1. 
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Figure 2. 

Characterization of Soft X-Ray Multilayer Gratings and Mirrors 1 X24C 

J. F. Seely, M. P. Kowalski, J. C. Rife, R. G. Cruddace (NRL), T. W. Barbee, Jr. 
(LLNL), and W. R. Hunter (SFA Inc.) 

Multilayer-coated diffraction gratings and mirrors have been characterized in the 
soft x-ray region using the monochromator and reflectometer at beamline X24C. 

The multilayer coatings (e.g. Mo/Si and W/B4C are sputter deposited and are 
designed to have high reflectance at the energies an h angles of incidence of interest 
for astrophysical, solar, and laboratory applications. The grating substrates are 
produced by the holographic ion-etched process or are replicas of ruled master 
gratings. The mirror substrates are flats or spherical and are super-polished. The 
reflectance of the multilayer mirrors and the efficiency of the multilayer gratings are 
measured in the energy range 10-1000 eV and at angles ranging from near normal 
to grazing. 
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X-Ray Standing Wave Investigation of ~(4x2) CO/Ni(lll) X25 

K L.E. Berman (NSLS), DR. Heskett (U. Rhode Island), and C.-C. Kao (NSLS) 

Measurements of the site preferences of the C and 0 constituents of the diatomic 
molecule CO, adsorbed on a Ni(ll1) substrate surface, were undertaken using the 
x-ray standing wave technique. A clean Ni(lll) substrate surface was dosed, be- 
low room temperature, with one-half monolayer of CO, forming a ~(4x2) overlayer 
geometry. The yields of the Ni 2ps/z, 0 Is, and C 1s core levels were measured 
separately, using a cylindrical mirror analyzer, as the bulk Ni(ll1) and Ni(lli) 
Bragg reflections were scanned, and were compared with theory to determine the 
positions of these atom constituents relative to the respective Bragg planes. An 
energy distribution curve, measured by scanning the analyzer, is shown in Figure 
1, and x-ray standing wave (XSW) data for Ni, 0, and C are shown in Figure 2 for 
the (111) reflection. Assuming the CO molecular axis to be oriented perpendicular 
to the (111) surface, the (111) reflection data yield directly a C-O bond length of 
l.lOf.06 A, in good agreement with theoretical calculations. A model in which the 
CO molecules adsorb in a 50-50 mixture of 3-fold fee and hcp hollow sites, with 
the C atom closer to the substrate and elevated by 1.40f.04 A above the topmost 
bulk-like Ni atom plane, accompanied by so-me disorder, compares favorably with 
the observed results using the 
with the results of recent SEX 6 

111) 
FS 

and 111) Bragg reflections. This is consistent 
& and P D measurements of this system, and in- 

consistent with a %-fold bridge site assignment based on earlier infrared and EELS 
studies of this system. 

Figure 1. Electron energy distribution 
curve of CO/Ni(lll) measured at a pho- 
ton energy of 3.055 keV. 

Figure 2. Measured XSW yields of the 
Ni2ps/z, 0 Is, and C 1s core levels as the 
bulk Ni(ll1) Bragg reflection (at bot- 
tom) was scanned, compared with the- 
oretical fits, for ~(4x2) CO/Ni(lll). 

Real-Time Small-Angle X-ray Scattering Studies of Rubber-Modified x25 
Engineering Thermoplastics 

Ft. A. Bubeck, C. F. Broomall, B. G. Landes, D. E. Parker, Ft. Ramsey, R. Scott, 
J. Warakomski, The Dow Chemical Company, Midland, MI 486’74; E. J. Kramer, 
Cornell University, Ithaca, NY 14853, and L. E. Berman, NSLS, Brookhaven Na- 
tional Laboratory, Upton, NY 11973 R. A. Bubeck, C. F. Broomall, B. G. Landes, 
D. E. Parker, R. Ramsey, R. Scott, J. Warakomski, The Dow Chemical Company, 
Midland, MI 48674; E. J. Kramer, Cornell University, Ithaca, NY 14853, and L. E. 
Berman, NSLS, Brookhaven National Laboratory, Upton, NY 11973 

Real-time small-angle X-ray scattering (RTSAXS) studies were performed on 
a series of rubber-modified thermoplastics. These include rubber-toughened syn- 
diotactic polystyrene (sPS), High Impact Polystyrene (HIPS), and Acrylonitrile 
Butadiene Styrene-type copolymers 
sPS is of interest because the d speci 

ABS). The data from the rubber-toughened 
c gravity of the crystalline and amorphous 

phases are nearly identical, thus permitting the study by RTSAXS of a toughened 
semi-crystalline polymer without undue SAXS interference from scattering from 
the crystalline lamellar microstructure. Linear small-angle X-ray scattering pat- 
terns were measured at successive time intervals as short as 3 ms. using a Reticon 
detector coupled to an optical multichannel analyser. The patterns were analyzed 
to determine the plastic strain due to crazing. Simultaneous measurements of the 
absorption of the primary beam by the sample using a semi-transparent beam stop 
fitted with a pin diode allowed the total plastic strain to be computed. The plastic 
strain due to other deformation mechanisms (e.g. particle cavitation and macro- 
scopic shear deformation) was determined by the difference. The contribution from 
microscopic shear deformation was determined from video-based optical data ob- 
tained along with the RTSAXS data. The run was very productive in data with the 
equivalent of over 200,000 linear SAXS patterns being generated. Activity is now 
focused on developing and using software to rapidly analyse this great quantity of 
data, while in the interim data from key samples are analysed individually. 

Using this technique, samples of commercial thicknesses can be studied at high 
rates of deformation without the inherent limitations of microscopy and its require- 
ment of thin samples (i.e., plane strain constraint is maintained on sample mor- 
phology). Contrary to the conclusions drawn from many previous dilatation-based 
studies, it has been demonstrated that the strain due to noncrazing mechanisms, 
such as rubber particle cavitation, and deformation of the glassy ligaments between 
rubber particles, is more significant than the contribution due to crazing. One 
example of how the contribution from each mechanism of deformation can be delin- 
eated is with a comparison of acrylonitrile ethylene styrene (AES) and acrylonitrile 
styrene acrylate (ASA systems in an SAN matrix. Manipulatmg the graft and 
crosslinking levels in t 1, e AES system results in a ten-fold increase in microshear 
yield, but not much additional crazing. Presumably, this is the result of better 
grafting of the rubber particles to the matrix and, thereby, inducing a balanced 
triaxial dilation force on the particles rather than having the particles prematurely 
detach from the matrix. Manipulating the ASA particle size in an AES/ASA blend 
resins resulted in about a 50to microshear and rubber particle cavitation, and a 
doubling the contribution due to crazing at fracture. These results are consistent 
with the mechanical testing of the samples wherein the AES/ASA blend was found 
to have greater impact strength than the straight AES system. 

- 



Spin Resolved X-Ray Resonant Raman Scattering * X25 
W.A.Caliebe, C.-C.Kao, L.E.Berman, J.B.Hastings (NSLS), M.H. Krisch, F. Sette 

(ESRF, France), K.Hiim%iinen (University of Helsinki, Finland) 

In the last 20 years many different techniques have been developed in order to 
study the spin resolved electronic structure of many metals. We combined one of 
these techniques, X-Ray Magnetic Circular Dichroism (XMCD , with X-Ray Res- 
onant Raman Scattering in order to study the LIII-edge of d d. We excited the 
intermediate states 2p64f”‘5d1 (quadrupolar transition) and 2ps4fnt’5d0 (dipolar 
transition) with circular polarized X-rays and observed with high energy resolu- 
tion the fluorescence emitted during the decay into the final states 3dg4f”5d’ and 
3dg4fnt15d0 respectively. The final data, including corrections for the degree of 
polarization, angle between the magnetic field and the photon beam, and the mag- 
netization are shown in figure 1. The relatively weak quadrupolar transition is 
clearly separated from the strong dipolar one, which is split into two peaks with 
different electron spin. 

This techniques allows to obtain information about the LIII-edge in Gd but we 
also obtain indirectly information about the MIV,V-edge, because the final state is 
the same. A more detailed analysis is in progress. 
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Figure 1. Spin resolved resonant raman spectra of Gd. The two curves represent 

w the intensity for parallel and antiparallel electron and photon spin. 
tL 
E * Supported by US DOE under contract # DE-AC02-76CH00016. 

Determination of Transition Metal Electronic Structure Using High x25 
Resolution X-Ray Fluorescence Spectroscopy * 

Kelly A. Daly (University of Michigan), Melissa M. Grush (University of California- 
Davis) and James E. Penner-Hahn (University of Michigan) 

X-Ray spectroscopy has been used in the past as a tool in determining transition 
metal electronic structure and coordination environment. Many limitations arise 
in analyzing amorphous, solution and dilute samples such as powders and proteins. 
Using a high-resolution x-ray emission monochromator to select emission energy, 
emission intensity was collected as a function of excitation energy and emission en- 
ergy. The added resolution of the emission monochromator and the expansion of 
data collection into a second dimension allowed us to separate the individual elec- 
tronic transitions on the K edge. Data were collected on a tetranuclear manganese 
compound, [Mn(IV)40s(l,4,7-triazacyclononane)h](ClOh)a. Each manganese exists 
in a pseudo-octahedral environment with three oxygen at 1.8OA and three nitrogen 
at 2.06A. Data were collected in the K/Y emission region (3p ---t 1s transition) and 
in the excitation regions corresponding to the 1s --f 3d transition, the 1s --t 4p 
and other edge transitions and continuum transitions past the edge threshold. The 
figure shows the KP emission spectra collected at various excitation energies in 
the 1s -+ 3d region. In pseudo-octahedral manganese(IV), there are two expected 
1s --t 3d transitions; to the e, and tas orbitals. The shape and peak maxima change 
as the excitation energy is advanced showing the majority of the states exist ini- 
tially with the excited electron in the t zg orbitals, but as the excitation energy is 
increased, the higher energy orbital?, es, become populated to a higher percentage 
with the excited electron causing an increase in emission energy. An increase of 4 eV 
in excitation energy resulted in an increase of 1.3 eV in emission energy. Emission 
data collected on and past the edge show enhancement of the 1s --f 4p transition on 
the edge. These data exhibit the same behavior as the data collected in the 1s --t 3d 
region, with an increase in emission maxima by 0.3 eV as the excitation energy is 
increased by 5 eV. Once the continuum is reached, the emission maximum drops 
0.7 eV in energy. 
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Figure 1. 

* With thanks to Prof. Stephen Cramer for the use of equipment anh to Prof. William 
H. Armstrong for the manganese compound. F’unded in part by NIH grant GM-45205. 
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z The crystal structure of a hyperthermophilic Archaea TATA binding x25 
protein I I 

B. S. DeDecker*, R. O’Brient, P. J. Fleming*, S. P. Jackson& P. B. Sigler* 
(*Howard Hughes Medical Institute and Yale University; tYale University; 
$Wellcome/CRC Institute and Cambridge University) 

Hyperthermophilic organisms have an optimal growth temp. above 8OC and are 
able to grow at temp. exceeding 9OC (1 

d 
. B ased on phylogenetic st dies most hy- 

perthermophilic genera have been classi ed as Archaea, while two re Bacteria (2). 2 
It has been proposed that the common ancestor of all existent life was a hyperther- 
mophile, and that relatively modern mesophilic biology is an adaptation from an 
earlier hot environment (3). The organism Pyrococcus woeseiis a hyperthermophilic 
Archaea found near deep-sea hydrothermal vents with an optimal growth temp. of 
105C. In concurrence with the observation that the Archaea cell and the eukaryotic 
nucleus share a common ancestor, homologues of the eukaryotic transcription factor 
TATA binding protein (TBP) have recently been cloned from P. woesei and other 
Archaea species (4, 5). The crystal structures of two eukaryotic TBPs are known, 
one from the plant species Arabidopsis thaliana at 2.1 A resolution and the other 
from the yeast Saccharomyces cereuisiae at 2.6 A resolution (6, 7). Here we report 
the structure of the Archaea TBP from P. woesei at 2.2 A resolution, with the 
native data set for this study having been collected at the NSLS X25 beamline. 

At room temp., P. woeseiTBP binds DNA with an affinity a 1,000 fold lower than 
its eukaryotic homologues. This characteristic, as shown by the crystal structure, 
is due in part to the dramatically different electrostatic surface of Archaea TBP. In 
addition, the P. woesei TBP structure demonstrates a correlation between protein 
packing and hyperthermostability. This hyperthermophilic protein is currently the 
most efficiently packed of all reported structures in the PDB; exceeding the previous 
theoretical limit of protein core packing density which is that found in crystalline 
hexane (8). This structure offers a window into the evolution of eukaryotic tran- 
scription and the structural basis of thermostability. 

[l] M. W. W. Adams. (1993) Enzymes and proteins from organisms that grow 
near and above 1OOC. Annu. Rev. Microbial. 47: 627-658. 

[2] C. R. Woese, 0. Kandler, M. L. Wheelis. (1990) Towards a natural system of 
organisms: Proposal for the domains Archae, Bacteria, and Eucarya. Proceedings 
of the National Academy of Sciences, USA 87: 4576-4579. 

3 C. R. Woese. 11 4 T. Rowlands, A 
1987) Bacterial Evolution, Microbiological Reviews : 221-271. 
. Baumann, S. P. Jackson. (1994) The TATA-Binding Protein: 

A Genl. Transcription Factor in Eukaryotes and Archaebact. Sci. 264: 1326 1329. 
[5] T. L. Marsh, C. I. Reich, R. B. Whitelock, G. J. Olsen. (1994) Transcription 

factor IID in the Archae: Sequences in the Thermococcus celer genome would en- 
code a product closely related to the TATA-binding protein of eukaryotes. Proc. 
Natl. Acad. Sci. USA 91: 4180-4184. 

r61 D. B. Nikolov. et al. (1992) Crvstal structure of TFIID TATA-box bindinz 
p&in. Nature 360: 40-46. ’ ’ - 

[7] D. I. Chasman, K. M. Flaherty, P. A. Sharp, R. D. Kornberg. (1993 Crystal 
structure of yeast TATA-binding protein and model for interaction with D d A. Proc. 
Natl. Acad. Sci. USA 90: 8174-8178. 

I81 F. M. Richards. (1974) The Interoretation of Protein Structures: Total Vol- 
ume: Group Volume Di‘stribitions and Packing Density. J. of Mol. Bio.82: 1-14. 

Near-edge studies of the Excitation of the KCY satellites in copper * X25 

M.Deutsch, O.Gang (Bar-Ilan U., Israel), K.Hiimiiliiinen (Helsinki U., Finland.), 
C.C.Kao (BNL) 

We measured the photoexcited lineshape of the Kar satellite spectrum of Cu, for 
excitation energies from below to above the KL edge ( 9800-11200 eV ). In con- 
trast to the expectations of an abrupt edge structures in the fluorescent spectrum, 
corresponding to different L-spectator transitions, a smooth increase of the inten- 
sity was found. This points to a pure shake-off origin for the excitation process. 
The evolution of the lineshape and intensity from its appearance (10050 eV) up to 
its saturation (11200 eV) was studied. By fine tuning the excitation energy near 
threshold we found an energy difference of ~20 eV in the opening of the two chan- 
nels ((Y’,~YJ and (Y~,LY~ ) which originate in 2p spectator transitions with different 
total momenta. Below this critical excitation energy (10050 eV) the satellites van- 
ish. The opening energy of the channels agrees with the Z+l approximation and 
our relativistic Dirac-Fock calculations, which also show a reasonable agreement 
with the lineshape measured. Analysis reveals that the shape of the satellite is ba- 
sically unchanged from slightly above the threshold (~10050 eV) up to the highest 
excitation energy measured (11200 eV). Only the intensity of the complex grows. 

Calculations in the adiabatic and transition-to-sudden approximation are re- 
quired to elucidate this point. 

200 

150 

7 
ZL 
- 100 

50 

0 

Figure 1. Measured KCY satellite spec- 
trum of copper for the incident energies 
listed. 

* Supported by the German-Israel Sci- 
ence Foundation, Jerusalem. 
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Structure of the high afinity complex of an inositol trisphosphate with 
a DhosDholiDase C Dleckstrin homoloav domain. 

x25 

K.M.Ferguson(Yale), M.A.Lemmon, J.Schlessinger(NYU) and P.B.Sigler(H.H.M.1, 
Yale) 

PH domains have been identified on the basis of primary sequence similarity of 
an approximately 100 amino acid motif found in many proteins involved in signal- 
ing processes. In phospholipase C-6 (PLC-C) th is d omain is located towards the N- 
terminus of the protein in a region responsible for high affinity inositol trisphosphate 
and phosphatidyl inositol bisphosphate binding. We have solved the X-ray crystal 
structure of the high-affinity 210 nM, [l]) 

L 
complex between the pleckstrin homol- 

ogy (PH) domain from rat PL -61 and inositol-(1,4,5)-trisphosphate (Ins(1,4,5)Ps). 
The structure was solved by multiple isomorphous replacement plus anomalous scat- 
tering using phase information from a data set collected at X-25 on crystals grown 
from seleno-methionine protein, plus data from a mercury derivative collected on 
a home source. The structure has been refined to 1.9 A resolution against the 
data collected at X-25, to a final R-value of 20.5 % (12 u data). The fold of the 
PLC-61 PH domain is similar to others of known structure. Ins(l,4,5)Ps binds in 
the center of the positively charged face of the electrostatically polarized domain, 
making extensive interactions with the loops of the PH domain. 
The 4- and 5-phosphate groups of Ins extensively, while the l- 
phosphate participates in one hydrogen acids in PLC-Cr PH that 
contact Ins(1,4,5)Pz have counterparts in the Bruton’s tyrosine kinase (Btk) PH 
domain where mutational changes cause inherited agammaglobulinemia, suggesting 
a mechanism for the loss of function in Btk mutants. Using electrostatics and vary- 
ing levels of head-group specificity, PH domains may localize and orient signaling 
proteins providing a general membrane targeting and regulatory function. 

Structural Studies of the Human Transferrin Receptor and a bZIP 
protein/DNA complex. * X25 

S.C. Harrison and C.M. Lawrence (HHMI, HU, Children’s Hospital) 

Human transferrin receptor (TfR.): W e made significant progress in this very 
challenging structure determination. 

Data were collected from crystals of SeMet substituted TfR. There are too many 
methionine residues for this to be a first isomorphous derivative, and the unit cell 
is too large for this to be a good candidate for MAD experiments, but the data will 
be important for phasing, once a first conventional derivative is obtained, and for 
tracing a polypeptide chain. The SeMet data set is 7Ocomplete to 6 ; the Rmerge 
for all data is 0.095. We also collected additional native data, which merged well 
with data (to 3.2 ) collected previously at CHESS. 

A bZIP protein/DNA complex: A data set, complete to 2.8 (Rmerge = 0.060) 
was collected from crystals of a multiple mutant of GCN4, bound to a C/EBP DNA 
site. The goal of the structure determination is to understand bZIP specificity, since 
the mutated residues change the specificity to that of CE/BP, despite the fact that 
all but one are a non-contacting positions. The structure has now been determined 
by molecular replacement using these data, and refinement is in progress. 

* This work was supported by the Howard Hughes Medical Institute 



1 The 2.0 %, Crystal Structure of a Heterotrimeric G Protein IX251 

David Lambright (Damon Runyon-Walter Winchell Fellow, Yale University) and 
Paul Sigler (Howard Hughes Medical Institute, Yale University) 

Heterotrimeric guanine nucleotide binding proteins (G proteins; subunits (Y, p, 
and 7) couple agonist stimulated heptahelical receptors, located at the cell surface, 
to a variety of intracellular signaling pathways. We have recently completed the 
2.0 A crystal structure of the heterotrimeric (GDP bound) form of transducin, the 
heterotrimeric G protein that couples the light activated photoreceptor rhodopsin to 
the visual signaling cascade in retinal rod cells. The structure was solved at 3.0 by 
multiple isomorphous replacement using isomorphous differences from a Hg(OAc)z 
derivative and isomorphous as well as single wavelength anomalous differences from 
a CHsHgCl derivative and a selenomethionine 
a: subunit. In order to maximize the Bijvoet 6 

Se-Met) derivative substituted in the 
ifferences for the Se-Met derivative, 

intensities were collected at the peak of the Se absorption edge using the X25 
beamline of the NSLS at Brookhaven. The Se-Met derivative was essential for 
obtaining initial phases. The initial MIR map was improved with solvent flattening 
and histogram matching. 

The model has been refined with simulated annealing against the Se-Met inten- 
sities from 6.0 to 2.0 resolution. The present model has an R-value of 23.5 % for 
all data (22.0 % for data > 2 u) and a free R-value of 30.6 % (29.2 % for data > 2 
u) for a randomly selected subset (10 %) of the data omitted prior to the start of 
refinement. A manuscript describing this work is in preparation. 

Ratio of Double-to-Single Photo- and Compton Ionization of Helium x25 
* 

Jon C. Levin, G. Bradley Armen, and Ivan A. Sellin (II. Tennessee) 

Theoretical prediction of the energy dependence of the double ionization of helium 
by a single photon is a fundamental problem in atomic physics which requires solu- 
tion of the Coulomb three-body problem. In the independent-particle framework, 
in which the photon can interact directly with only one electron, double ionization 
by a single photon can proceed only by electron-electron correlation. As a result, 
photoionization of helium has long been used as a testing ground for understanding 
correlation phenomena. 

Despite the importance of the problem! and the abundance of widely varying 
theoretical predictions at all energies, avdable data are definitive only for a few 
eV above the double-ionization threshold (79 eV), where the ratio of double-to- 
single ionization of helium has been shown to be in good agreement with Wannier 
Theory. At high photon energies, theoretical predictions vary by a factor of two, 
and few data exist in this region. At energies above a few keV, photoionization is 
gradually supplanted by Compton ionization as the dominant ionization process. 
Only recently have theories begun to addres this process in double ionization. It 
was the goal of our work on X25 to obtain an accurate the energy-dependent ratio 
of double-to-single ionization of helium from a few keV to 20 keV. 

Figure 1 illustrates a spectrum obtained at 20 keV, showing both charge states 
of helium. Care was taken to assure that low energy light from the monochromator 
or collimating slit assemblies was filtered from the beam. Our measured ratios (Fig. 
2, J. C. Levin, G. B. Armen, and I. A. Sellin, Phys. Rev. Lett. 76, 1220 (1996)) 
suggest that an asymptotic ratio of double-to-single ionization is not yet reached at 
20 keV, much later than predicted by some theories. 
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Figure 1. Time-of-flight spectrum of he- 
lium obtained with 20 keV photons. Figure 2. Comparison of present results 

with several recent theoretical predic- 

* Work supported by NSF 
tions. 



Coherent X-Ray Reflectivity From Oxidized Si (111) Surfaces X25 Polarization Dependent Scattering from DyLu Superlattices X25 

J. L. Libbert, I. K. Robinson, (Univ. Illinois), R. Pindak, R. M. Fleming (AT&T), K.V. O’Donovan, M.B. Salamon (UIUC), B.A. Everitt (NVE, Inc.), T. Thurston, 
S. B. Dierker (Univ. Michigan) D. Gibbs and L. Berman (NSLS) 

We have examined the reflectivity from several oxidized Si (111 surfaces illumi- 
nated by a coherent x-ray beam. We were able to demonstrate t h at the coherent 
x-ray diffraction (CXD) technique is sensitive to the distribution of steps on these 
surfaces and the motion’ of these steps. The x-ray reflectivity of a rough surface 
displays both a specular and a diffuse, non-specular component which is related to 
the distribution of steps on the surface[l]. Under CXD conditions the non-specular 
component will exhibit fine structure related to the specific arrangement of the 
steps on the surface. Motion of the steps will change the detailed appearance of 
the ‘speckle’ pattern. Figure 1 shows three speckle patterns from slightly different 
areas of an oxidized Si(ll1) surface each taken after shifting the illuminating beam 
by less than its width, simulating motion of the steps. These scans were taken at 
q=O.O9 A-’ by scanning a 20 pm pinhole located 1.25 m behind the sample across 
the reflected beam from a 5 pm source aperture. Changes of the speckle pattern 
with time, similar to those seen in Fig. 1 can be expected if the surface steps are 
caused to move as during growth or etching situations. By studying the time de- 
pendence of these changes it should be possible to deduce the step diffusion rates 
of the processes. Figure 2 shows than es in a speckle patterns due to etching a Si 
surface with a buffered HF solution. [l S. K. Sinha, et. al. Phys. Rev. B, 38, 2297 
(1988) 

7 

In the course of a search for evidence of an induced spin density wave in the non- 
magnetic Lu layers of Dy/Lu superlattice, we have discovered an asymmetry in the 
response of even- and odd-order superlattice harmonics to temperature and reso- 
nance conditions near the Lu Lrrr edge. To discern the weak signals generated from 
XRES in the presence of charge scattering from superlattice harmonics, we used a 
polarimeter employing an MgO crystal, whose (420) planes present a Bragg angle 
of 45.4’ at the Lu edge, to measure the a-to-x channel of the scattered radiation 
from the low Q side of the (0004) Bragg peak. While the X25a wiggler radiation is 
strongly o-polarized, the ?r component gives rise to charge scattering that obscures 
any magnetic signal. Lorentzian fits to the 2nd order and 3rd order superlattice 
sidebands, measured over a temperature range from 20 K to 200 K and slightly off 
the Lu Lrrr resonance (9.240 keV and 9.295 keV) revealed the difference in response 
of these two peaks. As Figure 1 shows, the 2nd order peak exhibits an enhance- 
ment by a factor of four at low temperatures, whereas the 3rd order peak shown in 
Figure 2 changes by less than a factor of two. However, over the same temperature 
range, moving off-resonance reduces the 3rd order peak by a factor of two to three; 
the 2nd order peak decreases by only a factor of 1.5 upon moving off-resonance. 
Odd-order peaks in a superlattice are most sensitive to differences in the atomic 
scattering factors of the constituent elements, while even-order peaks mainly reflect 
the different thicknesses of the component layers. The strong temperature depen- 
dence of the 2nd order peak is due to magnetostriction that accompanies magnetic 
order. The ordinate in these figures has units of counts/5 x 10s monitor counts. 
Despite the weakness of these signals, they dominate the magnetic scattering; their 
temperature and energy dependence makes extraction of the magnetic component 
difficult at this stage. 
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Figure 2. 

Work performed at Brookhaven is supported by the USDOE under contract 
EDAC02-76CH00016. University of Illinois research is supported by NSF Grant 
DMR-94024339 and DOE grant DEFG02-91-ER45439. 
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Figure 1. Lorentzian fits to data taken - 
off-resonance at 9.295 keV. The right Figure 2. Same configuration as Figure 
peak is the 2nd order superlattice peak 
on the low Q side. 
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X-ray Studies of Liquid Metal Surfaces* X25 

M.J. Regan, P.S. Pershan (Harvard), O.M. Magnussen, B.M. Ocko (BNL), M. 
Deutsch (Bar-Ilan Univ., Israel), L.E. Berman (NSLS) 

In liquid metals the delocalization of the near surface conduction electrons cou- 
pled with the dominating Coulombic interactions suppresses positional fluctuations 
of the near surface ion cores. As a result, it is predicted that the top several layers 
of atoms parallel to the surface will be ordered, resulting in a damped oscillatory 
electron density profile, in contrast to the monotonic profile of non-metallic liquid 
surfaces. Although this prediction is now over two decades old, it was hitherto 
not rigorously tested experimentally in spite of efforts by a number of groups. In 
this report period we have used x-ray reflectivity to unambiguously demonstrate 
surface-induced layering in liquid gallium[l] and mercury[%] with atomic-scale reso- 
lution. 

The main results for liquid Ga are contained in fig. 1 and provide clear evidence 
that a surface induced atomic layering exists, These features are consistent with an 
extremely flat liquid/vapor interface, layer spacing similar to the Ga atomic dimen- 
sions, and layering that extends into the bulk a l/e length of 3 atomic diameters 
(6-7 A). 

We have also carried out measurements of the Ga surface between 24 and N 
180 C. The large change in reflectivity that was measured shows no appreciable 
variation in the width of the peak, indicating that the layering decay length is 
unchanged. However, the amplitude of the density variation is clearly reduced 
presumably through increased capillary wave roughness. 

* This work has been supported by grants from the DOE, DE-FG02-88-ER453’79 
and DE-AC02-76-CH00016, and the NSF, DMR-94-00396 and DMR-91-13782. 

M.J. Regan et al., Phys. Rev. Lett. 75. 2498 (1995). 
O.M. Magnussen et al., Phys. Rev. 1 Lett. 74, 4444 (1995). 
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Figure 1. Measured x-ray reflectivity, 
normalized to the Fresnel theory, for liq- 
uid gallium at room temperature. Inset 
shows the best-fit density profile. 

3 

d 
3 

2 

1 

0 0 0.5 1.0 1.6 2.0 25 3.0 
qz W') 

Figure 2. Normalized reflectivity data 
for liquid gallium at room and elevated 
temperatures. 

1 Observation of Speckle from a Protein Crystal IX251 
I 1 I 
I. K. Robinson, J. L. Libbert (University of Illinois), R. Pindak, R. M. Fleming 

(AT&T), S. B. Dierker (U niversity of Michigan), B. Yu and D. L. D. Caspar (Florida 
State University). 

We sought to evaluate the possibility of using coherent diffraction to investigate 
dynamical fluctuations in protein crystals. Protein crystals are now widely believed 
to be made up of multiple molecular conformations, and fluctuations between these 
states may be of biological relevance. 

We examined a crystal of cubic insulin mounted in a glass capillary in contact 
with saturated mother liquor. By rapidly aligning the crystal by means of its square 
(100) faces, we examined the strong 002 reflection using a 5pm incident beam and a 
2Opm analyzer pinhole at 1.3m to achieve laterally coherent diffraction conditions. 
The X25 W/BhC mutilayers gave us an incident flux of 10’ per set with sufficient 
temporal coherence to reach the 002 reflection at 26’ = 1.1”. 

The results indeed show a multiply peaked structure in scans across the diffracted 
beam in the horizontal direction (26 is vertical). The full-width of the peaks is 
roughly equal to the 90pm expected for the central Fraunhofer diffraction maximum. 
fh;a& ous 

‘j 
structure *was seen in the vertical direction, *par,+1 to 2: (data not 

However, this pattern was not stable: the notatron A,B,C,D shows the 
same scan executed at a sequence of positions on the sample separated by 1Opm 
horizontally. In particular, scans “A” and “C” were at the same place, but show 
strong differences. After this series was taken, little further ‘life’ remained anywhere 
in the sample. It is therefore not clear whether the observed effects were caused by 
radiation damage or not, so a future experiment with Limmortal’ crystals using a 
cryocooler is planned. 
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Figure 1. Coherent diffraction patterns recorded from different parts of a cubic 
insulin crystal. 



Spin-polarized XANES of First Metalloprotein - Demonstration with x25 
Rubredoxin 

X. Wang, A. Froeschner and S.P. Cramer 

During our fall beamtime, we conducted high resolution KP fluorescence exper- 
iments at Fe K-edges using spin state selective detection. We have successfully 
measured first KP emission spectrum and spin-polarized X-ray Absorption Near 
Edge Structure (XANES) of an Fe protein, p$ Rubredoxin. The Kfl emission 
spectra for high-spin oxidized Rubredoxin, excited at 7200 eV, are shown in Fig. 1. 
The spectrum is split into two regions. The main peak (known as K&3) is found 
at around 7057.5 eV, while the satellite (Kp’) 
spin-polarized XANES are shown in Fig. 

is at 14 eV lower energy side. The 
2. The spin-down edge is measured by 

monitoring the fluorescence at the KP peak and the spin-up edge at the Kfl’ region. 
The difference between the spectra is clearly shown in the pre-edge region. In the 
spin-down spectrum, there is a strong feature about 9 eV below the edge, which can 
be assigned to ls+td transitions, while there are not any distinct features in the 
spin-up spectrum. For high-spin d5, all the spin-up states were occupied while 5 
spin-down states are still available. When monitoring spin-up transitions (selecting 
Kfi’), there are no transitions allowed by the spin-selection rules, while spin-down 
transitions (detecting at K/3) are allowed. The KP detected edge also shows sharper 
features when compared to the regular K-edge (detected by transmission or total 
fluorescence) since the lifetime broadening of Is core hole is eliminated. 

There is some fine structure on the pre-edge features, which may correspond 
to the splitting between the t2g and eg levels (10 Dq is assigned as the energy 
difference) in tetrahedral symmetry, is not seen in normal absorption edges since 
the 10 Dq around 1.1 eV) is buried within the 1s core hole lifetime broadening 
(1.25 eV). I here are also more features on the top of the absorption edges, not 
visible in the normal K-edge, which will require more extensive analysis. 

Each of the protein spectra presented below are the result of between 5 and 7 
hours of signal averaging, with the exception 15 hrs of spin-up XANES spectra. 

Figure 1. Kfl emission spectrum of Rb. Figure 2. Spin-polarized XANES of Rb. 

Complex of elongation factors EF-Tu and EF-Ts ) X25 

Y. Wang (Yale University), Y. Jiang (Yale University), M. Sprinzl (University of 
Bayreuth), P. B. Sigler (Yale University and HHMI) 

The structure of the complex of bacterial elongation factors Tu and Ts has been 
studied by xray crystallography. The structure determination of the complex will 
provide important information on the mechanism of nucleotide exchange in elonga- 
tion factors and other members of the GTPase superfamily. A native crystal of the 
complex has been measured to 3 A at the X25 beam line of NSLS. It has a P2r form 
with a=120 A, b=127 A, c=123 A, b=90.3. At present time derivative crystals are 
under study to solve the structure. 
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Glancing-Incidence X-Ray Magnetic Scattering Studies of the UOz X22C, 
1 (001) Surface X25 

i .i’ ; 
I.:., I G. M. Watson, Doon Gibbs (BNL), G.H. Lander, H. J. Matzke (EITU), B.D. 
.’ Gaulin (McMaster), L.E. Berman (BNL)and W. Ellis (SNL) 

, : 
Traditionally, x rays have been used as a probe of the atomic structure in con- 

densed matter. As was first shown by de Bergevin and Brunel[l], x rays can also be 
used to study magnetic structures. However it is the enhancement of the magnetic 
scattering cross section when the incident photon energy is tuned to an absorp- 
tion edge that has made x ray scattering an especially useful probe of magnetic 
structures. Here we present the first resonant x-ray scattering measurements of the 
magnetic structure near an interface, obtained under lancing-incidence conditions. 

In Figure 1, the scattered intensity along the 1OL magnetic truncation rod of 
the (001) surface of the simple antiferromagnet li 7 Oz 1s shown. Data was obtained 
with the incident x ray energy tuned to the U Mw edge at 3.728 keV. The line 
indicates the best fit to a model consisting of the ideal, bulk-truncated, magnetic 
structure, and includes Fresnel effects. We find that the scattering shown in Fig. 
1 exhibits an enhancement when the incident photon energy is tuned to the reso- 
nant condition, as expected. Remarkably, scattered intensity at grazing-incidence 
appears to continuously vanish at the bulk Neel temperature. This is in contrast to 
the bulk magnetic order which is strongly discontinuous. 

[l] F. de Bergevin and M. Brunei, Phys. Lett. 39A, 141 (1972). 
i ‘ ‘:, L ,,, 

Figure 1. Intensity of the (1OL) magnetic truncation rod measured at three temper- 
atures below the bulk Neel temperature of 30.2 K.Inset: Transverse scan through 
the (1OL) rod at L = 0.06. 

Micro-XAFS investigations on aqueous metallic species in fluid in- X26A 
elusions up to 430°C 

Alan J. Anderson (St. Francis Xavier Univ., Canada), Robert A. Mayanovic 
(Southwest Missouri State Univ.), Saga Bajt (U. of Chicago) 

The x-ray microbeam capability of this beam line was used to collect XAFS 
spectra from aqueous zinc species in individual fluid inclusions at elevated temper- 
atures. The fluid inclusions examined in this pilot study occur in quartz and are 
typically less than 100 pm in their longest dimension. Synchrotron x-ray fluores- 
cence (SXRF 

Al 
and microthermometric analyses indicate that the studied inclusions 

contain meta ‘ferous (Mn, Fe, Zn, Pb, Sb) hl d b c ori e rines with a salinity of about 
35 wt% NaCl equivalent. Zn K-edge micro-XAFS measurements were made on a 
single fluid inclusion at temperature intervals of approximately 50 degrees, ranging 
from room temperature to 43O’C. Examples of the XAFS spectra collected from 
test solutions and high temperature fluid inclusions are shown in the figure below. 
The x-ray optics included using a single Si(ll1) c h annel-cut monochromator, an 8:l 
Al(Pt coated) focusing mirror, and a pinhole aperture positioned at the focal plane. 
The XAFS spectra were collected in the fluorescence mode using a Si(Li) detector. 
A programmable heating stage mounted on the X-Y-Z- mobile stage of the x-ray 
microprobe beam line was used to heat the sample. 

Initial results indicate that the tetrahedral chlorozinc(I1) complex, ZnCl:-, is 
the dominant aqueous zinc species in the fluid inclusions up to 4OO’C. This result 
is surprising in view of previous solubility studies which indicate that the neutral 
complex ZnClzO is dominant at temperatures greater than 3OO’C in solutions in 
the 0.5-5.0 M total chloride range. Reasons for this discrepancy are currently under 
investigation. 

We have demonstrated that structure of metal complexes in high temperature so- 
lutions can be obtained directly by using the micro-XAFS technique on individual 
fluid inclusions. This method may be applied to studies of synthetic fluid inclu- 
sions of known composition, in order to provide new insights on metal complex 
stability and coordination in high temperature-high pressure aqueous electrolyte 
solutions. Such studies are important for understanding the thermodynamics of 
metal complexes in hydrothermal fluids occuring in crustal rocks, nuclear reactors, 
and geothermal power generators. 

. - 



Chemical Speciation of Uranium in Contaminated and Chemically X26A 
Remediated Soils by Micro X-ray Absorption Spectroscopy * 

P. M. Bert&, D. B. Hunter, and P. R. Nuessle (University of Georgia) 

Employing spatially resolved XAS and X-ray fluorescence (SXRF) spectroscopy 
we have investigated the distribution and chemical speciation of U in contaminated 
soils and sediments. X-ray absorption near edge structure (XANES) spectroscopy 
demonstrated significant spatial heterogeneity in the oxidation states of U in the 
samples that was clearly discernible on a 20 to 100 pm scale. As a result of this 
spatial heterogeneity, we developed a three point calibration method to rapidly de- 
termine U oxidation states. The total counts obtained with the monochromator 
positioned at the U(IV) edge were divided by the total counts when the monochro- 
mator was positioned at the maximum of the U(V1) white line, i.e.,12 eV above 
the U IV) edge, with both being normalized to the background collected at ~50 

I eV be ow the absorption edge. The reproducibility in the ratio obtained for 11 
replications of the U(IV) and U(V1) reference samples was UOs(c) = 0.55 & 0.03 
and UOi+ = 0.25 & 0.01. This enhances the ability to collect oxidation state infor- 
mation at much lower U concentrations in a reasonable time frame and allows for 
the examination of hundreds of individual grains or for the generation of oxidation 
state distribution maps at a 20 ,um spatial resolution. Experiments conducted on a 
thin section of mixed U containing mineral phases where full XANES spectra were 
also collected on selected regions confirmed the ability of the method to delineate 
proportions of U in different oxidation states (Figure 1 . This experimental ap- 

d proach is currently being applied to U contaminated so’ s to evaluate the efficacy 
of a number of lixiviants and other chemical remediation technologies. 

* This research was supported by contract DE-ACOg-76SR00819 between the Univer- 
sity of Georgia and the U.S. Department of Energy 

Quantitative microanalysis of oxidation state ratios in complex sili- X26A 
cate minerals - (I) Fe in amphibole 

J. S. Delaney (Rutgers U.), M. D. Dyar (West Chester U.), S. Bajt and S. R. 
Sutton (CARS, U. of Chicago) 

The amphiboles are chemically and crystallographic&y among the most complex 
of the silicate minerals found in common rock types. Unlike many common minerals 
amphibole can have ferric/ferrous iron ratios varying between 0 and 1 depending on 
the substitution of HS into the crystal lattice. The samples studied here have bulk 
ferric/ferrous ratios varying from 0.18 to 1.0 determined previously by Mijssbauer 
spectroscopy [l] and wet chemistry 

Synchrotron microXANES 
5, 50x30 micrometer areas, and t 

5 SmX 
21. 

analyses of the ferric/ferrous ratio made in 
e Mijssbauer and wet chemical bulk analyses agree 

well. The SmX technique uses the position of the pre-edge feature of the Fe K- 
absorption XANES spectrum [3] and the ferric 

d 
ferrous ratios of amphiboles were 

calibrated against both the Mbssbauer data an 
based on ratios in pure hematite (l.O), 

an independent linear calibration 
magnetite (0.67) and synthetic fayalite (0.0) 

[3]. Comparison of results from the two techniques shows good consistence between 
mmrobeam and bulk techniques and suggests that the influence of the crystal struc- 
ture on the XANES pre-edge of the amphibole minerals is minimal. Systematic 
variation of ferric/ferrous ratios within a single amphibole crystal was repeatably 
observed and identified as oxidation state zoning. 

This represents the first microanalytical measurement of oxidation state variation 
within a single natural crystal. Ferric/ferrous ratios in complex minerals such as 
amphibole can be reliably measured with nearly comparable spatial resolution to 
microanalysis techniques used for major element abundance determination. The 
demonstrated ability to measure zoning in crystals permits to monitor the influence 
of oxygen and water fugacity changes during the crystallization of amphibole in 
natural silicate systems for the first time. Synchrotron microXANES analysis of 
oxidation states in mineral systems provides a powerful new tool for studying natural 
crystalization environments. 

References: [l] Dyar et al. (1993 
Costa et al. (1991) Contrib. iI 

Amer. Mineral. 78, 968. 
ineral.Petrol. 

Bajt et al. (1994) G 
108, 472. 

eochim. Cosmochim. Acta 58, 5209. 



r In-situ detection and chemical analysis of extraterrestrial material X26A 
captured in aerogel * I I 

George J. Flynn (SUNY at Plattsburgh), Saga Bajt and Stephen R. Sutton (CARS, 
U. of Chicago) 

Low density silica aerogel has been used for the intact capture of micrometeorites 
and space debris on earth orbital satellites and it is the capture material proposed for 
the “Stardust” cometary flyby and sample return mission. Typical 5 to 50 micron 
extraterrestrial particles and earth orbital debris are decelerated in the aerogel, and 
come to rest several millimeters beneath the surface. In-situ chemical analysis is 
desirable to determine which of the captured particles are space debris (typically 
composed of Al, Al-oxide, or metals) and which are extraterrestrial (typically of 
chondritic meteorite composition). 

Six fragments of the Allende meteorite, each 30 to 50 microns in size, were cap- 
tured in a silica aerogel of density 20 mg/ cc, after being shot at the aerogel at about 
3 km/set. These fragments were buried at depths ranging from 1.1 to 4.9 mm below 
the surface of the aerogel. 

We examined these six fragments using the X-ray Microprobe at Beamline X26A. 
They were located using the video-microscope imaging system, and x-ray fluores- 
cence spectra were acquired. The fluorescence x-rays are attenuated by passage 
through the aerogel, thus the sensitivity for low-Z elements decreases with increas- 
ing burial depth. We detected Cr, Ni, Fe, Cu, and Zn in all six particles, but 
detected Ca only in the particles buried to less than 3.6 mm, and detected a very 
weak Al fluorescence only in the particle buried at 1.1 mm. 

The detection of the volatiles Cu and Zn provides an unambiguous way to distin- 
guish between man-made steel fragments orbital debris) and chondritic microme- 
teorites which have abundant Zn and Cu . 

I 
\ The in-situ detection and analysis of 

Allende ragments demonstrates that in-situ analysis of aerogel capture cells flown 
on earth-orbiting satellites or on cometary flyby/sample return missions is feasible 
using the X-Ray Microprobe at Beamline X-26A. 

1 TRACE ELEMENT MEASUREMENTS IN INTERPLANETARY 1 VOh ~ 1 
1 DUST * /LAOA. 

George J. Flynn (SUNY at Plattsburgh), S aga Bajt, and Stephen R. Sutton (CARS, 
U. of Chicago) 

As part of a continuing study of the chemical composition of interplanetary dust 
particles (IDPs) recovered from the Earth’s stratosphere by NASA, we measured the 
abundances of elements from Cr to Sr in 13 large IDPs (each 35 to 50 microns in size) 
using the X-ray Microprobe at Beamline X-26A. The average composition of these 
13 large IDPs is very similar to the composition of the CI chondritic meteorites, 
which are believed to represent the solar composition. The averages of the volatile 
elements Cu, Zn, Ga, Ge, and Se all within about 20% of the CI composition in this 
set of large IDPs. This is distinctly different from the results we have previously 
measured on 51 smaller IDPs (generally 10 to 20 microns in 
enrichments of the volatiles Cu, Zn, Ga, Ge, and Se by factors o 1.5 to 3 over 

This suggests large IDPs which are strong enough to resist fragmentation 
ection,, are chemically different from typical smaller IDPs, and may reflect 

a difference m the source(s) being sampled by the two types of IDPs. A subgroup 
of the smaller IDPs (9 of 51 particles) have a composition similar to CI meteorites 
and these large IDPs (1). 

Bromine is enriched relative to the CI meteorites in most of these large IDPs as it 
is in the smaller IDPs (1). We observed that two Br-rich IDPs (Br >300 ppm which 
were each analyzed twice showed about a factor of two Br loss between t h e first 
and second analyses, presumably due to sample heating during the first analysis. 
In follow-up experiments on 5 Br-rich IDPs, we demonstrated that, over a a-hour 
period of exposure to the x-ray beam, a roughly exponential loss of Br occurs. 
After this period the Br concentration remains constant for beam exposures of up 
to 12 hours. Since the beam heating is small, the observations suggest there are 2 
types of Br in these IDPs, a very weakly bound Br component, possibly Br surface 
contamination, and a more strongly bound Br component, presumably bound in a 
mineral phase. No loss of Zn or Cu was observed, indicating they are more strongly 
bound than the Br. Experiments to determine if Cl and S are also lost are presently 
m progress. 

REFERENCES: 1. Flynn, G.J. et al. (1993) Lunar and Planet Sci. XXIV, 495- 
496. 

* This work was supported by NASA Pl anetary Materials and Geochemistry grant * This work was supported by NASA Pl anetary Materials and Geochemistry grant 
NAG-g-459 (GJF) and NAGW-3651 (SRS) NAG-9-459(GJF) and NAGW-3651(SRS) 



1 Sorption of iodine species on some minerals 1 X26A 1 

Mark F’uhrmann (BNL), S a5.a Bajt (CARS, U. of Chicago), Martin Schoonen 
(SUNY at Stony Brook) 

This study represents part of a systematic experimental research program to 
investigate the interactions between aqueous iodine species and geomaterials. In 
this abstract we report the development of a XANES technique to examine the 
speciation of iodine in solutions on mineral surfaces in contact with those solutions. 

Using XANES we determined the speciation of iodine in solution and on the 
surfaces of minerals in contact with several iodine solutions. The analysis was 
performed at the synchrotron x-ray microprobe beam line X26A. The iodine La 
edge is at 4.557 keV which is close to the low hardware limit (4 keV 

1 
of the 

monochromator. By enclosing the whole end of the beamline in a p astic 
Si(lll 

bag fille d 
with He gas, the flux of the x-rays was almost the same as if the x-rays were in 
vacuum. The low energy of the iodine edge and interferences caused by some other 
elements (the most troublesome was Ca) required use of solution concentrations of 
iodine that are much higher than those found in the environment. 

Having established that iodine speciation was discernible through XANES, we 
were then able to examine its speciation on minerals and solutions in contact with 
them. Intensity of the iodine signal above the absorption edge obtained in fluores- 
cence mode was used to determine the concentration of iodine in the liquid and on 
the solid of each sample. 

Magnetite sorbed iodide from solution but not iodate. Biotite., in contrast, sorbed 
iodate from the buffered solution but did not take up any iodide. In neither case 
was sorption accompanied by any obvious change in speciation. However, there is 
a slight change in the scan on iodide on the solid phase of magnetite in which the 
6 eV shoulder is less distinct than in the reference solutions. This may represent 
a mixture of iodide and iodine on the magnetite surface while the solution in the 
same cell contains iodide. 

In the pyrite/iodate system, iodine was removed from solution accompanied by 
reduction from iodate to iodine in both solid and liquid phases. Significant sorption 
resulted in the very low value for 1~1s (intensity of the iodine signal in the liquid 
divided by its intensity on the solid) of 0.5. The pH was lowered to 4.1 by dissolution 
of the pyrite surface, even though the solution was buffered. Iodine speciation can 
be controlled by pH and this is probably the case here, but there was a strong signal 
from 12 given by the slurry indicating sorption. In the pyrite/iodide system there 
was no sorption and no change in speciation in either the liquid or the slurry. The 
high value of 1~1s indicates that iodide is enriched in the supernate compared to 
the slurry, the result of ion exclusion caused overlapping charge fields of mineral 
grains repelling the similarly charged iodide ion. 

Investigation of the pm-edge absorption XANES structure X26A 

Albert L. Hanson (BNL), and Sa5a Bajt (CARS, U. of Chicago) 

The pre-edge scattering of x rays is being studied with a high energy resolution 
wavelength dispersive spectrometer to determine how valence states of the scatter- 
ing atoms can be extracted directly from the scatter spectra. At an energy of a 
few electron volts below the absorption edge of iron, spectra from iron in the $3 
valence state exhibit peaks characteristic of resonant, inelastic scattering. However, 
if the iron exists in the $2 valence state, there are no peaks characteristic of the 
resonant, inelastic scattering. Because of the substantial differences in the scat- 
ter spectra between iron in the +2 and the +3 valence states, this scattering is a 
promising technique for quantitative analyses of the valence states. Present effort 
is to determine the accuracy of such an analytical technique. 
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Micro-XANES of iron redox states in wood during degradation by X26A 
fungi * I I 

B. L. Illman (II. of Wisconsin, Forest Products Lab), S. Bajt (CARS, U. of 
Chicago), P. Nuessle (SREL, U. of Georgia) 

The fundamental mechanism by which fungi degrade wood is not clearly under- 
stood. Knowledge about the mechanism is needed to develop more environmentally 
compatible strategies to prevent the economic losses of wood to decay. Current 
theories propose a role for Fe in the decay process [l]. The lack of a non-intrusive 
system to detect and measure Fe redox states in situ has hindered the progress 
of determining Fe reactions during decay. A method to detect Fe in situ in wood 
during decay by fungi has been developed using synchrotron X-ray fluorescence 
spectroscopy (SXRF). 

The SXRF micro-probe on beam line X26A at NSLS was used to detect Fe 
in southern yellow pine wood during decay by several species of basidiomycetous 
fungi. Metal redox states were determined on a small scale of 150 microns by 
measuring X-ray absorption near-edge structure (XANES). The Fe’+ to Fee+ ratio 
was determined by using an established microXANES technique [2]. Due to the 
high concentration of Mn in wood and the low concentration of Fe, a computer 
code was used to extract the Fe Ka: peak from much more intense Mn Kfi peak. 

We found that Fe3+ is the primary redox state in sound wood, that the concen- 
tration of total Fe was higher in wood inoculated with fungus than in sound wood, 
and that the ratio of Mn to Fe are lower in decayed wood than in the sound wood. 
The ratio of Fe’+ to Fe3+ in wood inoculated with Postia placenta was 1:4, indi- 
cating that the fungus had reduced 25% of the Fe. The results confirm that fungi 
mobilize Fe, bringing Fe into the wood during decay, and that Fe redox reactions 
occur during the decay process. This in situ method will be the foundation on which 
we test the effects of Fe chelators, oxidants and reductants on the decay process 
and expand our knowledge about the role of Fe in the mechanism of decay. 

[l] Illman, B. 1991. Active Oxygen/Oxidative Stress and Plant Metabolism, 
E.J. Pell, K.L. Steffen, J.C. Shannon, eds. Am. Sot. Pl. Physiol. pp 9’7-106. 
[2] Bajt, S., Sutton, S.R., and Delaney, J.S. (1994) GCA 58, 5209-5214. 

* This research has been supported by the following grants: UDSDA 94-37103-1016, 
DOE DEFG02-92ER14244, NASA NAG9-106 and NSF EAR89-15699. 

Behavior of Dissolved Molybdenum during Localized Corrosion of X26A 
Austenitic Stainless Steel 

H. S. Isaacs and S-M. Huang (BNL) 

Molybdenum leads to marked improvements in the corrosion resistance of stain- 
less steels and differing models of action have been proposed for the reduction of 
corrosion. A number of models have proposed that MO forms a salt layer during 
the dissolution of the steel. Salt layers have for the first time been observed using 
energy dispersive x-ray techniques and has now been used for an in situ study of the 
chemistry of molybdenum during localized of corrosion of stainless steel in chloride 
solutions. An artificial pit was formed by dissolving back the cross section of a 15 
micron thick strip of Type 316 stainless steel foil mounted in an epoxy resin. A 
high intensity diameter polychromatic x-ray beam at Beamline X26A was scanned 
across the steel, a salt layer on the steel, and the concentrated dissolution products 
within the artificial pit. The resulting x-ray fluorescence was analyzed to determine 
changes in concentration of the constituent alloying elements. It has been found 
that the salt layer on the steel was formed mainly by iron chloride and all other 
alloying elements were present at relatively lower concentrations than the steel. 
Virtually no chromium remained in the salt layer. Also, little molybdenum was 
present negating proposed corrosion inhibition by a definitive molybdenum forming 
salt layer. Within the concentrated artificial pit solution it was found that alloying 
elements dissolved and migrated down a concentration gradient, but closer to the 
mouth of deep (~2 mm) pits, precipitation of molybdenum occurred to a minor 
extent that did not affect the localized corrosion processes. 



Three-dimensional characterization of surface-controlled trace- 
element zoning patterns using synchrotron x-ray fluorescence mi- X26A 
croanalysis 1 I L 
P. A. Northrup, and Ii. J. Reeder (SUNY at Stony Brook) 

Synchrotron X-Ray fluorescence microanalysis has been used to investigate the 
three-dimensional spatial distribution of compositionally distinct growth sectors 
and subsectors in mineral crystals In these experiments, fluorescence emissions are 
activated by the incident beam penetrating through the sample section, but are 
only detected from an “effective sampling depth”, beyond which emissions are re- 
absorbed by the overlying sample material. The effective sampling depth differs for 
each element in a given substrate, depending on the characteristic energy of the 
fluorescence photon. This seeming disadvantage can be utilized to characterize the 
interface between two sectors or subsectors at depth in the sample if they possess 
distinct differences in the concentrations of two or more suitable elements. More- 
over, this technique is nondestructive; alternative methods of analysis commonly 
require progressive sectioning or polishing through a sample. 

During growth, several minerals differentially incorporate trace elements into 
regions of a single crystal that formed contemporaneously but under structurally 
nonequivalent surfaces. These sectors and subsectors preserve a record of surface 
processes and growth mechanisms as growth progresses, in much the same way that 
concentric zonation preserves a record of crystal morphology. Application to topaz 
(AlzSi04Fz), in which surface-controlled trace element partitioning associated with 
surface growth step orientations on spiral-growth hillocks creates a patchwork of 
sectors and subsectors, utilizes trace Ti, Fe, and As (with effective sampling depths 
of approximately 30, 65, and 400pm, respectively). This approach can provide 
useful information about the contrasting growth mechanisms on different crystal 
forms, and thus far has identified significant differences in growth kinetics between 
(110) and (111). 

Further measurements of trace element zoning patterns show that there are both 
important similarities and enlightening differences between samples from different 
localities. In addition, SXRFMA data is currently being applied to growth-surface 
modeling studies, with the goal of explaining topaz crystal growth on a molecular 
scale. 

A Time Resolved In Situ XANES Study of Surface-Enlianced Re- 
duction of Smectite Structural Fe by Organoborates * 

X268 

P. R. Nuessle, W. P. Gates, D. B. Hunter, and P. M. Bert& (University of Georgia) 

Previous investigations demonstrated that the sorption of tetraphenylboron 
(TPB) to smectitic clay minerals was followed by surface facilitated degradation 
via both bronsted acid hydrolysis and lewis acid pathways. The kinetics of surface- 
enhanced TPB degradation measured on smectitic clay minerals having a range 
of structural Fe by in sitv Fourier transform infrared (FTIR) spectroscopy, indi- 
cate that structural Fe may be involved as an electron acceptor in the two-electron 
transfer of the lewis acid degradation pathway. An in situ time resolved X-ray ab- 
sorption near edge structure (XANES) p t s ec roscopic study was conducted to test 
this hypothesis and to provide more specific information on the role of structural Fe 
on surface facilitated oxidation reactions. The Fe K, absorption edge was observed 
to shift to lower energies following addition of TPB to the clay suspensions and the 
reaction kinetics were well described by the first order degradation rate models pre- 
viously derived from the FTIR data (Figure 1). Associated changes in both edge and 
pre-edge features accompanied the reaction, also revealing that structural Fe was 
reduced concurrent with the oxidation of TPB. Differences in both the magnitude 
and rate of ed 
and $6.9 eV relative energies 
ite structural i 

e shifts, as well as the ratios of the fluorescence intensities at $4.6 

e was reduced; t 
indicate that: (i) a portion (15-20%) of nontron- 

ii) nearly all (>95%) of montmorillomte structural 
Fe was reduced; and (iii) on an absolute basis, similar levels (0.6 mmol g-r) of 
structural Fe were reduced in both smectites (Figure 2). Ongoing investigations 
are examining the reversibility of these environmentally relevant surface-facilitated 
organic degradation reactions. 
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Figure 1. 

* This research was supported by con- 
tract DE-ACOg-76SR00819 between the 
University of Georgia and the U.S. Depart- 
ment of Energy 
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4d 
!z REE intrasectional zoning in apatite, determined using synchrotron 

x-ray fluorescence microanalysis (SXRFMA) X26A 

J. Rakovan, and R. J. Reeder (SUNY at Stony Brook) 

Intracrystalline REE distributions in fluorapatite have been studied using 
cathodoluminescence and synchrotron x-ray fluorescence microanalysis (SXRFMA). 
In the apatite samples studied the face grows by the spiral mechanis_m. As a result, 
polygonized growth hillocks with three vicinal faces occur on (1010). Face sym- 
metry, m, constrains the [Oil] and 
[OOl] steps are not symmetry relate 6 

Oli] growth steps to be equivalent. However, 
. REE and Mn cathodoluminescence qualita- 

tively indicates a differential distribution of Mn2+ Sm3+ Eu3+, and Eu2+ between 
subsectors associated with symmetrically nonequivalent bicinal faces (intrasectoral 
zoning). SXRFMA shows that the concentrations of all the REEs analyzed (La, Ce, 
Pr, Nd, Sm, Eu, Dy, Ho, and Y), except Eu, exhibit a sharp step function, with the 
change in concentration correlated directly to the boundary between nonequivalent 
vicinal faces and associated subsectors. La, Ce, and Pr are enriched in the <Oil> 
subsectors, and REEs heavier than Pr, except Eu, are enriched in the [OOl] subsec- 
tor. Differential incorporation due to growth rate anisotropies is inconsistent with 
the observed differential partitioning of REEs, supporting the proposal of Rako- 
van and Reeder 
<Oil> steps lea 6 

1994) that differences in the atomic structure between [OOl] and 
s to differential incorporation in apatite. Atomic scale models of 

the structure of these steps show qualitative differences that are consistent with this 
proposal. The reversal in the REE partitioning trend between Pr and Nd suggests 
an ion size effect on the partitioning between nonequivalent steps. 

The differential distribution of REEs indicates nonequilibrium partitioning. Site 
specific controls on the partitioning of REEs indicate that partition coefficients 
are a function of surface structure and dependent on the spatial segregation of 
nonequivalent surface sites. Hence, different REE partition coefficients exist for 
incorporation at structurally different growth steps. 

Chromium Leaching versus Oxidation State for a Contaminated So- 
lidified/Stabilized Soil I I 

X26A 

Terry L. Rinehart, Darrell G. Schulze (Purdue Univ.), R. Mark Bricka (US Army 
Corps of Eng.), Saga Bajt (Univ. of Chicago), and Ernest R. Blatchley, III (Purdue 
Univ.) 

The toxicity, solubiity, and mobility of chromium in soil are strongly dependent 
upon its oxidation state. Solidification/stabilization (S/S) is a potential method for 
preventing Cr leaching from contaminated soil. We evaluated the leaching behavior 
of untreated and solidified/stabilized Cr contaminated soil samples obtained from 
two locations at a military facility in Louisiana. The leaching of Cr, as measured by 
the Toxicity Characteristic Leaching Procedure (TCLP , was expected to be depen- 

ll dent upon the Cr oxidation state. The pH, cation exe ange capacity and particle 
size distribution were obtained for each sample and portions of each sample were 
solidified with Type I Portland cement. The oxidation state of Cr was determined 
by x-ray absorption spectroscopy (XAS). Th e sample from Site 1 contained 478 
mg/kg total Cr while the sample from Site 2 contained 1272 mg/k 

The TCLP Cr concentration for Site 1 untreated soil was 3.4 mg B 
total Cr. 

L and 2.0 mg/L 
for the S/S treated sample. The sample from Site 2 had TCLP Cr concentrations 
below the analytical detection limit (<l.O mg/L) for both untreated and S/S sam- 
ples. The XAS data showed the presence of the more mobile and soluble Crt6 at 
Site 1 but not at Site 2. The use of Portland cement alone was not effective in re- 
ducing the CrS6 to the less soluble and less mobile CrS3, or in physically preventing 
leaching of Crt6. 



Oxidation State of Manganese in Rice Blast Fungal Lesions X26A 

Darrell G. Schulze, Don M. Huber, A. K. M. Shahjahan, Morris Levy (Purdue 
Univ.), Sea Bajt (Univ. of Chicago), and Barbara Illman (USDA Forest Products 
Lab.) 

The blast disease of rice is one of the most important plant diseases worldwide 
because rice is a major source of food for 60% of the world’s population. Manganese 
is an essential mineral element for photosynthesis, lignin synthesis, and other plant 
metabolic functions in its Mn2+ or Mn’+ forms., but when oxidized to Mn*+ it 
precipitates as physiologically unavailable Mn oxrdes and hydroxides. Pyricularia 
grisea (Cooke) Sacc., the fungal causative agent of rice blast, is a strong Mn oxidizer 
in agar culture. Thus, fungal oxidation of Mn may be an important part of the 
disease processes. 

We used micro x-ray absorption near edge structure (XANES) spectroscopy to 
compare Mn oxidation states in healthy areas of rice leaves with Mn oxidation states 
in blast lesions caused by P. grisea. Healthy tissue contained only Mn2+, whereas 
blast lesions contained significant quantities of Mn4+. 

These results suggest that the ability to oxidize Mn may be a significant factor 
in determining the virulence of P. grisea and that resistant rice varieties may have 
developed strategies to suppress or prevent Mn oxidation by the fungus. 

Real time, in-situ tracking of selenium transport and reduction 
across the boundary between ponded waters and sediments using X268 
micro-XANES I 1 

Tetsu K. Tokunaga (LBL), S&a Bajt (CARS, U. of Chicago), Stephen R. Sutton 
(CARS, U. of Chicago), and Patterson R. Nuessle (SREL, U. of Georgia) 

Contaminated transport in sediments and waters are being studied using the syn- 
chrotron x-ray microprobe and x-ray absorption near edge structure (XANES), in 
order to obtain direct, noninvasive, real time data on trace element concentrations. 
These methods are being used to test models of reactive transport which invoke the 
importance of micro-scale heterogeneities and processes. Many important reactions 
controlling chemical cycling in the environment occur at and very near the bound- 
aries between sediments and overlying waters. The synchrotron x-ray fluorescence 
microprobe at the NSLS was used in monochromatic mode (micro-XANES) to ob- 
tain spatially- and temporally-resolved speciation of Se in a water-sediment system. 
This present study has focused on diffusion and reduction of selenium at boundaries 
between sediments and ponded waters. 

Earlier, larger-scale experiments on transport of selenium from ponded waters 
into sediments indicated that reduction reactions were taking place within a few 
millimeters of the water-sediment boundary. In our most recent work, Se trans- 
port and reaction were studied in a 20 mm, saturated sediment column, over which 
waters containing Se in the form of soluble Se(V1 
Vertical profiles through the water and sediment 1 

were hydrostatically ponded. 
co umns were scanned in front of 

monochromatic microbeams at 250 to 500 ,um increments, at a set of x-ray ener- 
gies which permitted determinations of Se concentrations and oxidation states. In 
addition, selected locations within these columns were scanned over the corn 

f J 

lete 
XANES region. This micro-XANES experiment permitted trackin 
duction at pond-sediment boundaries. Results show reduction of Se 

of Se(V1 re- 

and ultimately to Se(O) within specific zones in the sediments. The 
VI) to Se IV), 
ocation of the 

active reduction zone was within the surface 2 mm in an extremely reducing sedi- 
ment, while it was displaced several mm deeper in a less reducing sediment. These 
results are consistent with diffusion-limited transport calculations. The possibility 
that organo-Se compounds may also accumulate in reducing zones is currently under 
consideration. Micro-XANES results ruled out the possible formation of significant 
concentrations of colloidal Se(O) and of organo-Se compounds in these ponded wa- 
ters. 



Fd 
m 0 1 X-Ray Fluorescence Analysis With High Energy Resolution * I -. 1 X26C 1 1 1 

W.A.Caliebe(NSLS), SaF;a Bajt(University of Chicago), C-C. Kao(NSLS) 

X-ray fluorescence is a well established analytical technique for elemental anal- 
ysis in both basic and applied research. The energy resolution of Si(Li) or Ge(Li) 
solid state detectors, 150 eV to 200 eV, cannot resolve the small energy shifts in 
fluorescence energy or changes in lineshape. Therefore, we used a high energy res- 
olution Rowland circle spectrometer based on a Si(333) analyzer. The crystal is 
spherically bent to a radius of 1 m and has an effective diameter of 35 mm. In this 
experiment we analyzed the Cr K7 fluorescence line (E-5980 eV) in three different 
oxidation states, 0, +3 and $6. The fluorescence was excited using the focused 
white radiation at the beamline X26C. 

X-ray fluorescence lines originating from the decay of shallow core electrons or 
valence electrons should be particularly sensitive to the electronic structure of the 
sample. These fluorescence lines provide information about the occupied electronic 
states. The K7 fluorescence lines directly reflect changes inthe valence band so 
that differences in the oxidation state should be directly visible in the spectra. The 
figure shows the K+-y line of the three different Cr samples. Ch metal shows a single 
peak at 5988eV, while that of Cr3+ and Cr6+ show additional satellite features. 
In comparison with that of Cr metal the energy of the main Cr3+ K7 line shifts 
by -4.4eV while that of the Cr6+ remains at the same energy. Also, a second peak 
appears at 5968.5 eV for Cr3+ and 5972.3 eV for C?. As expected, the Ky line 
is relatively sensitive to changes in the oxidation state. Theoretical calculations 
are needed for detailed interpretation of these lines. It should be noted that the 
fluorescence yield decreases by a factor of 7.5 from the Ka! to the K/3 line and by 
another factor of 20 to 30 from the KP line to the K7 line. 

Figure 1. K7 fluorescence line for Cr metal, Cr3+ and Cr6+. 

* We would like to thank Dr. Douglas B. Hunter (SHEL) for preparing the chromium 
oxide samples. This work was partially supported by US DOE grant DE-FG02-92ER14244, 
DE-AC02-76CH00016 (BNL), and NASA grant NAGW-3651. 

White Beam Microdiffraction for Spatially Resolved Strain, Mi- x26C 
crostructure, and Composition Mapping 

G. S. Cargill III and P.-C. Wang, Columbia University, and I. C. Noyan and E. 
Liniger, IBM Research, together with K. W. Jones, BNL Applied Sciences 

A system for strain, microstructure and composition measurements with micron 
or submicron spatial resolution in crystalline materials are being developed on beam- 
line X26C. This system uses 5 to 30 keV radiation collimated and concentrated by 
a tapered glass capillary, together with an area CCD detector for measuring Laue 
patterns and an energy sensitive Si detector for measuring lattice spacings, as il- 
lustrated in Fig. 1. Novel features are that the sample being studied need not 
be rotated in making strain measurements, which facilitates spatial resolution on 
micron and submicron scales, and that polycrystalline samples can be studied with 
spatial resolution on the order of their grain size. This system has been used for 
spatially resolved strain measurements and grain orientation mapping of polycrys- 
talline films. Two mapping modes have been used: reciprocal-space mapping and 
real- space mapping. For reciprocal-space mapping the sample is fixed in position 
(x,y) and the SSD is raster-scanned over a range of angles a! and p. At each SSD 
position, the scattering angle 20(o,p) is calculated and scattered intensities are 
measured for energy windows of the multi-channel analyzer corresponding to var- 
ious (hkl) reflections. In this way, the orientations of grains within the irradiated 
volume are determined. A result from such measurements is shown in Fig. 
For real-space mapping, the SSD is fixed at a particular scattering angle 26’ 

6 

2(a . 
a# 

and scattered intensities are measured for energy windows corresponding to 
1 , 

iffer- 
ent (hkl) reflections as the sample position is raster- scanned in x and y. From these 
measurements, the locations of grains having the specified orientations are deter- 
mined. Strain measurements are made using energy dispersive diffraction patterns 
from single grains, like that shown in Fig. 2(b). 

Figure 1. Schematic of x-ray microd- 
iffraction/microfluorescence system. 

Figure 2. Diffraction from a 4pm thick 
Al (4 wt.% Cu) film. (a) An Al (111 
intensity map in reciprocal space. (b 
Energy dispersive diffraction pattern for 
detector position determined from (a), 
showing the (111) and (222) diffraction 
lines from one gram within the irradiated 
volume, as well as CuKa and CuKP flu- 
orescence lines. 

c - 
. 



Search for Structural Modulations in UPts Using Laue Diffraction X26C 

B. Ellman, M. Sutton, L. Taillefer (McGill University), and G. Shea-McCarthy 
(University of Chicago) 

Among the materials believed to exhibit unconventional superconductivity, UPts 
is unique in possessing two well defined superconducting phases in zero magnetic 
field. Generally, the multiple phases are believed to arise from the symmetry- 
breaking effect of an extremely weak antiferromagnetic order parameter. With mo- 
ments lying in the hexagonal plane, the AFM order would stabilize otherwise degen- 
erate superconducting states at two different temperatures, leading to the observed 
behavior. However, any symmetry breaking field would play a similar role, includ- 
ing crystallographic distortions. Recent transmission electron microscopy (TEM) 
studies [1,2] of Up-t3 have suggested the presence of long wavelength (M 6OA) modu- 
lations of the underlying P6-3/ mmc structure. In the case of single crystal whisker[l] 
samples (which grow spontaneously from the melt), the modulation has been shown 
to exist over many microns. TEM, however, requires extreme sample preparation 
techniques (e.g., ion milling) that might introduce artifacts. We have performed 
Laue diffraction measurements at X26C to try and detect the modulations. The 
ability of Laue experiments to cover a large volume of k-space makes them an ideal 
tool to search for a modulation whose exact structure is imperfectly known. 

The samples were a whisker approximately 0.1 x 0.05 x 2mm3, and a larger sample 
cut from a bulk crystal. The data were taken using unfocused white beam and a 
diffuse background subtracted. 

A typical diffraction pattern of the whisker, using an exposure of 5 s, is shown in 
Fig. 1. Careful indexing is required to identify Bragg peaks due to an incommen- 
surate modulation in the presence of the many peaks generated by the underlying 
structure. The result of such an analysis is shown in Fig. 2, where only relatively 
intense peaks have been shown. After further analysis of this and other patterns, 
we will be in a position to either identify the modulation in an undisturbed sample 
or set a convincing limit on the presence of crystallographic symmetry breaking 
factors in UP&. 

B. Ellman, A. Zaluska, and L. Taillefer, Physica B 205, 346 (1995). 
P.A. Midgley et al., Phys. Rev. Lett. ‘70, 678 (1993). 

Figure 1. Laue diffraction pattern of a 
single crystal whisker of UPta.The crys- 

F 
tal is oriented such that the a-c plane is 

E 
rotated 19 degrees about E with respect 
to the image plate. 

CL 

Figure 2. Predicted Laue peak positions 
for the data of figure 1. By carefully 
comparing the theory and data, we may 
either identify or exclude reflections due 
to a structural modulation. 

The effect of microgravity on the protein crystal growth: Con- x26C 
canavalin A as a case study * I I 
G. Shoham and L. Arnowitz (University of Jerusalem, Jerusalem, Israel), V. Sto- 

janoff and D. P. Siddons (BNL-NSLS) 

The present report is part of a long range project on the study of the effect 
of microgravity on the growth of macromolecules. The Space Shuttle is a poten- 
tial platform for growth of protein crystals of exceptional quality. Our goal with 
this preliminary work is to show that crystals grown under microgravity conditions 
present improved lattice perfection. Monochromatic as well as Laue techniques will 
be employed to access the crystal quality. Concanavalin A crystals grown under 
identical conditions except for gravity have been grown on Space Shuttle mission 
STS 69 (at close to 0 g) and at the laboratory (lg, Kennedy Space Center) by the 
membrane dialysis technique. The crystals were brought to the NSLS immediately 
after the Space Shuttle landing. Several methods were used to access the quality of 
the crystals: monochromatic x-ray topography, the Laue method, and the rotation 
or oscillation photography. X-ray topography showed that crystals grown under 
microgravity conditions present in general a smaller concentration of defects then 
there counter parts grown on the ground. However, different salt concentrations also 
affect the quality of the crystals. These results are in agreement with the diffraction 
data collected. Crystals grown at 0 g diffracted well beyond 1.2 angstrom resolu- 
tion, while the 1 g counterparts diffracted to a resolution limit of about 1.6 A only. 
The evaluation of the results is still in progress and will be divulged shortly. Never- 
theless, these preliminary results strongly suggest that micro-gravity environment 
could be used to extend the resolution limit of protein crystals, at least in the cases 
when all other crystallization conditions have been optimized. 

* The support of Biocars, and especially of Ms. G. Shea McCarthy, is gratefully acknowl- 
edged. This preliminary micro gravity study was made possible with tlie great assistance 
and support of IDEA and BioServe Space Technologies. 



Fabrication of a mm-wave undulator cavity using deep x-ray 
lithography X26C 

J. J. Song, B. Lai, D. C. Mancini, A. Nassiri (APS/ANL), A. D. Feinerman (Univer- 
sity of Illinois-Chicago), G. M. Wells, V. White (University of Wisconsin-Madison) 

The possibility of fabricating mm-wave radio frequency cavities (100-300 GHz) 
using deep x-ray lithography (DXRL) b g is ein investigated. The fabrmation process 
includes manufacture of precision x-ray masks, exposure of positive resist by x-rays 
through the mask, resist development, and electroforming of the final microstruc- 
ture. The precision DXRL mask was made by means of an intermediate mask, usin 
soft x-ray lithography for pattern transfer into poly-methylmethacrylate 
on a 200 mm Si wafer, followed by electroplating of 25 mm Au. 

(PMMA ‘j 

For the DXRL process, PMMA was used as the positive resist, either as an l-mm 
sheet or cast onto a Cu substrate. To promote better adhesion of the PMMA to 
the substrate, the Cu surface was modified either by growing a thin oxide film or 
by depositing a thin Ti coating. The NSLS X-26C beamline was used to expose 
the resist by scanning vertically through the beam with a computer-controlled step- 
motor translation stage. Exposure took place under He purge at 1 atm. The ratio 
of the surface dose to the bottom dose for the l-mm-thick PMMA is about 1.5. 
Two different developers were used: the first is a mixture of 60% vol 2-(2-butoxy- 
ethoxy) ethanol, 20% tetrahydro-1, 4-oxazine, 5% 2-aminoethanol-1, and 15% DI 
water, and the second developer is methyl-isobutyl ketone (MIBK) diluted with 
2-propanol. After developing the microstructure, it will be electroplated and the 
surface of the electroplated area will be finished by diamond-turning, followed by 
removal of the residual PMMA. 

The 30- or 84-cell 108-GHz mm-wave cavities, which can serve as an electromag- 
netic undulator, is shown in Fig. 1. The mm-wave undulator is very attractive since 
it has soecisl features cornoared to the conventional undulator: (1) higher photon 
enerav since the undulator-period is much smaller (typically l-mm’or less) and (2) 
fast; tuning ability and wider tuning range since the mm-wave power is.easier .to 
handle. With the Advance Photon Source (APS) linac system, which provides a 
low-emittance electron beam with energy up‘to ‘750-MeV by using an rf thermionic 
gun, the first harmonic of the undulator radiation will be at 5.2 keV. The undulator 
parameters are summarized in Table I. 

This work is supported by U.S. Department of Energy, Office of Basic Energy 
Sciences, under Contract No W-31-109-ENG-38. 

1. J.J. Song, A.D. Feinerman, Y.W. Kang, R.L. Hustom, B. Lsi, A. Nassiri, V. 
White, G.M. Wells, “Toward Fabrication of mm-Wave Undulator Cavities”, sub- 
mitted to Rev. Sci. Instrum. 
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Figure 1. 
Figure 2. Table I - The 108-GHz undu- 
lator parameters with the APS linac/rf 

Laue crystallographic studies of enzymatic intermediates: isocitrate x26C 
dehydrogenase I I 
Barry L. Stoddard, Jill M. Bolduc, and Dave H. Dyer (Fred Hutchinson Cancer 

Research Center, Basic Sciences Division), William G. Scott (Medical Research 
Counci, Cambridge, England), Robert M. Sweet and Paul Singer (BNL Biology 
Dept.) 

Site-directed mutagenesis, enzyme kinetics, and fast Laue diffraction were used 
to solve the structures of two different, sequential intermediates which accumu- 
late as steady-state complexes during turnover by isocitrate dehydrogenase, and to 
visualize the structural mechanism of electron transfer for this enzyme. 

Two kinetic mutants, which display large, unique rate barriers at separate steps 
of the catalytic mechanism, were used to visualize these species within the overall 
reaction pathway. These two site-directed mutants, Tyrosine 160 to Phenylalanine 
(Y160F) and Lysine 230 to Methionine (K230M), are amenable to either single- 
turnover or steady-state Laue experiments. Each mutant displays a wild-type rate 
constant for one half-reaction, but a substantial rate decrease for the other half 
reaction, producing two different rate-limited intermediates. 

Based on the available kinetic parameters in the crystal, polychromatic x-ray 
diffraction data were collected from several crystals of each mutant before and 
after substrate binding at beamline X-26C at the Brookhaven National Synchrotron 
Light Source. Difference maps were then calculated with experimentally determined 
Fourier coefficients: [Fo (after substrate) -Fo (before substrate)] acalc, using phases 
calculated with protein coordinates prior to any refinement and then after an initial 
round of refinement against the Laue data. No substrate or water molecules were 
included in either phase calculation. The strongest features of the maps calculated 
at either stage are identical and easily modelled by the components of the rate- 
limited enzyme complexes. The initial R-factors for the protein model prior to 
refinement were ap roximately 30%; the R-factor after initial refinement were both 
approximately 19 sp 0. The final refined R-factors after inclusion of substrates and 
metal were 18.3% and 1’7.4%, respectively. 

The difference map calculated for the tyrosine mutant (Y160F indicates the ac- 
cumulation of a rate-limited Michaelis complex of isocitrate, b NA P+, and Mg++ 
which is trapped prior to hydride transfer. The protein fold, active site architecture, 
and conformation of bound isocitrate are unchanged relatrve to wild type enzyme 

6 with the exception of the side chain hydroxyl), asis the ensuing rate of enzymatic 
ecarboxvlation. The distance and orientation of the nicotinamide ring are consis- 

tent with”the stereochemical transfer of the single proton from the chirai 2-R carbon 
of isocitrate to the re-face of the cofactor C4. Conversely, the difference map calcu- 
lated for the lysine mutant (K230M) h s ows strong density for a bound sugar/metal 
complex but indicates that the nicotinamide ring and adjoining ribose and phos- 
phate backbone of the cofactor are disordered, consistent with the conversion of 
the charged NADP+ to NADPH which is known to occur for this mutant with a 
rate unaffected by the mutation. The resulting rate-limited species, oxalosuccinate, 
has been confirmed by difference mapping and refinement is bound in a manner 
analogous to isocitrate; this is consistent with previous reports of oxalosuccinate 
acting as a catalytically competent substrate for the reverse hydrogenation reaction 
and the enzymatic decarboxylation. 

gun. 



X-ray topography of tetragonal Lysozyme crystals X26C 

V.Stojanoff and D. P. Siddons, Brookhaven National Laboratory, Upton, New York 
11973. L. Monaco, P. Vekilov, F. Rosenberger, CMMR, University of Alabama at 
Huntsville. 

Growth-induced defects in lysozyme crystals were studied by white beam and 
monochromatic X-ray topography at the National Synchrotron Light Source (NSLS) 
at Brookhaven National Laboratory (BNL)(l-4 . Single dislocations, as well as dis- 
location nets and highly strained regions were i cl entified in the topographs. At least 
for lysozyme the topographic methods were non-destructive and regular diffrac- 
tion data collection for structure determination was successfully carried out on the 
same crystals after the topographic observations. The temperature/supersaturation 
regimes during crystal growth, the defect density detected by X-ray topography, and 
the diffraction resolution obtainable from the crystals were all strongly correlated. 

[l]Stojanoff, V., Siddons, D. P., Monaco, L., Vekilov, P. and Rosenberger, F. 
Submitted. 

I 

[2 Stojanoff, V. and Siddons, D. P. (1995) Acta Cryst. A. accepted. 
B]Vekilov, P., L onaco, L., Thomas, B. R., Stojanoff, V. and Rosenberger, F., Proc. 
CCBM-6, J. Crystal Growth. [4]Stojanoff, V., Siddons, D. P., Monaco, L., Vekilov, 

P. & Rosenber 
T 

er, F. Proceed. American Crystallographic Assn., abstract M132, 
Montreal CA, 
Rosenberger, F. 

1995). [5]Stojanoff, V., Siddons, D. P., Monaco, L., Vekilov, P.& 

Conference on Protein Crystal Growth, Panama City, USA, (1995). 

The support of Mr. D. Berman, Mr. N. Tempel, Ms. H. Kycia and Ms. G. 
Shea-McCarthy (CARS) are greatly apprec.iated. 

Figure 1. Figure 2. 

X-ray topography: a tool for protein crystal quality diagnosis* 1 X26C 

V. Stojanoff’ , E.H. Snell’, D.P. Siddons’ and J.R. Helliwel12 - (‘BNL, 2Chemistry 
Department, University of Manchester, UK) 

For many years a significant effort has been made towards the growth of better 
quality macromolecular crystals for structural studies. Usually, the quality of the 
crystals is inferred from x-ray diffraction data, but recently, crystal growers have 
been trying to employ characterization techniques that would allow direct measure- 
ment of the quality of the protein crystal. 

Monochromatic x-ray topographic methods were used to compare the quality of 
lysozyme crystals grown in a dialysis reactor under identical conditions except for 
their exposure to the gravitational field. Fi ure la shows a topograph of a lysozyme 
crystal grown on the ground (1 g condition , ‘I and figure lb shows the topograph of 
a crystal grown on board of the NASA Space shuttle IML-2 mission 
A significant difference in the quality of the crystals was observe 6 

0 g condition). 
. The crystal 

grown under 0 g condition shows large quite perfect regions while the crystal grown 
as a control in an 1 g environment presents a high density of defects along the whole 
crystal. 

Bosch, R., Lautenschlager, P., Potthast, L., and Stapelmann, J. 1992). Journal 
of Crystal Growth 122, 310-316; Snell, E. H., Weisgerber, S., 4 elliwell, J. R., 
Weckert, E., Hoelzer, K. and Schroer, K. (1995) Acta Cryst D51 in press. 

Related publications and presentations at conferences: V. Stojanoff, D. P. Sid- 
dons, E. H. Snell and J. R. Helliwell to be published J. Syn. Rad. (1995 ; V. 
Stojanoff, E. H. Snell, D. P. Siddons and J. R. Helliwell submitted to Acta cl ryst. 
D (1995 ; E. H. Snell, S. Weisberger, J. R. Helliwell, F. Weckert, K. Holzer and K. 
Schoer, L rot. ICCBM - 6, J. Crystal Growth. 

*The support of G. Shea McCarthy of BioCARS is gratefully acknowledged. The 
Rigaku Corporation is thanked for financial support to JRH which covered EHS’s 
expenses travelling to the NSLS. EHS has been funded by an EPSRC studentship. 
The European Space Agency is thanked for providing the flight opportunity on the 
NASA Space Shuttle IML-2 mission. 

‘! _ w 1. i , .I’ 
(4 6’) 

Figure 1. Monochromatic x-ray topograph of a lysozyme crystal grown for the IML- 
2Space Shuttle Mission in a normal gravity condition (a) and under microgravity 
condition (b). 



F 
E Use of Laue Diffraction Patterns in both Macromolecular and Small- x26c 

I 
Molecule Crystalloaraph-v - - - I I 

Joel L. Sussman, Vivian Stojanoff (BNL), Raimond B.G. Ravelli, M.A. Frederik 
H. van den Broek (Utrecht University), Ling Peng (Universit6 Louis Pasteur), Mia 
L. Raves and Israel Silman (Weizmann Inst. of Science) 

It has recently been shown for crystals of lysozyme and cr-haemolysin that Laue 
data sets (collected on X26C) can be reduced to yield structure factor amplitudes of 
equally good quality as the best monochromatic data sets in terms of both accuracy 
and completeness [l]. The Laue diffraction technique could therefore be used as an 
extremely fast ab-mitio structure determination technique, which we have tested 
for crystals of different small organic and organometallic compounds, both at room 
and liquid nitrogen temperature. Different attenuators 
the determination of the absolute scale of the unit cell. Iif 

Zr, Br, MO were used for 
ost of the 2 aue diffraction 

patterns could be indexed within a few minutes of the exposure using a new indexing 
program called lauecell [2], which was helpful to judge immediately the quality of 
the individual crystals used. 

However, the unique advantage of the Laue diffraction technique, the data- 
collection speed, will mainly be exploited in situations such as time-resolved crys- 
tallography. We aim to do such an experiment on the enzyme acetylcholinesterase 
(AChE . AChE cleaves the neurotransmitter acetylcholine (ACh) in the synapse at 
a very h igh turnover rate. The enzyme has a strong dipole moment that draws the 
positively charged substrate towards the catalytic site, situated at the bottom of a 
narrow gorge. One of the reaction products, choline, bears the same charge as the 
substrate, ACh, which raises the question of its route of exit from the active site. 

In order to attempt to observe the reaction process, photolabile precusors of 
choline and of carbamvlcholine (an enzvmic substrate) have been svnthesized I31. 
These two probes generate choline in different ways, either by a direct”photocleav&> 
reaction (choline precursor) or by enzymatic hydroiysis of a substrate generated by 
photocleavage (carbamylcholine precursor , 
for the time-resolved crystallographic d 

They constitute complementary tools 
stu ies, permitting direct monitoring of the 

exit of choline from the active site. So far however, both monochromatic and Laue 
diffraction studies have shown that crvstals of AChE soaked for different times 
with these compounds showed high mo&city and poor resolution, probably due to 
internal stress. 

Trigonal crystals of the native enzyme could be used for collecting data. We 
expect that the present quality of the data set obtained from three frames and 
processed with the CCPC Laue Software Suite (13384 reflections, 5068 unique, 39% 
corn leteness, 3.45 A resolution) can still be improved. 

[lpZ. R en and K. Moffat, Quantitative Analysis of Synchrotron Laue Diffraction 
Patterns in Macromolecular Crystallography, J. Appl. Cryst. 1995), 28, 461-481. 

[2] R.B.G. Ravelli, A.M.F. Hezemans, H. Krabbendam, J. IL roon, Towards Au- 
tomatic Indexing of the Laue Diffraction Pattern, (accepted for publication in J. 
Appl. Cryst.) - 
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L. Peng, I. Silman, J.L. Sussman and M. Goeldner, Biochemical Evaluation 
otolabile Precursors of Choline and Carbarmoylcholine for Potential Time- 

Resolved Crystallographic Studies on Cholinesterases, Biochemistry (submitted). 

In Situ X-ray Diffraction Structural Characterization of Hydrogen X27A 
Uptake in an Operating Nickel-Metal-Hydride Electrode 

T.R. Thurston, N. Jisrawi, S. Mukerjee, and J. McBreen (BNL) 

With the advent of lap top computers, portable video cameras, and especially new 
regulations promoting electric vehicles, a dramatic increase in demand for battery 
systems has occurred. There are many conflicting factors that must be satisfied 
for a battery system to be commercially viable, so it is not surprising that the 
most promising new battery systems, such as the nickel-metal-hydride system, are 
underutilized and not well understood. 

The metal hydride alloys that have performed best as anodes in battery systems 
have been based on LaNis or ZrNiz prototype alloys, but with the substitution of 
various other elements such as Ce, Co, Fe, Mn, etc. for portions of the La, Zr, and 
Ni. A typical example of such an alloy is Zro.sTi0.sV0.sNil.lMno.zFeo.2, which is the 
alloy we examined here. From a fundamental point of view, it is not understood why 
the substitution of these various metals improves the hydrogen uptake performance 
of the alloy. To date, most improvements in nickel-metal-hydride alloy technology 
have come about through trial and error methods. 

In this abstract we demonstrate that it is possible to obtain structural data on 
such alloys as they charge and discharge hydrogen under in situ electrochemical 
conditions. With such an approach, information useful for guiding the development 
of better nickel-metal-hydride alloys can be obtained. 

The experiments were performed on X27A with a Si(ll1) monochromator and 
LiF(200) analyzer. The x-ray energy was set at 24.5keV, and a transmission scatter- 
ing geometry was used, so the bulk of the 0.3mm thick electrode was probed. The 
hard x-ray energy also allowed us to examine the electrode even when it was in a 6 
molar KOH electrolyte solution. An electrochemical cell was specially constructed 
for this experiment, and the electrode was charged and discharged several times 
while x-ray diffraction experiments were being performed. 

The main point of this abstract is that we were abIe to obtain x-ray diffraction 
peaks with counting rates up to 30,000/ set under these conditions, and readily 
monitor the structural state of the bulk of the alloy (not just a few microns within 
the surface as hydrogen was electrochemically charged and discharged. The volume 
change oft h e unit cell was easily determined as a function of electric potential, and 
the coexistence of two phases with different hydrogen densities analogous to the 
gas absorption behavior of this alloy were confirmed. Thus, this work demonstrates 
that it is possible to routinely monitor the structure of commercially viable nickel- 
metal-hydride electrodes under in situ electrochemical conditions. 



Small Angle X-ray Scattering (SAXS) Investigations of Metal and X22A, 
Semiconductor Nanoscale Size Clusters X27A 

T.R. Thurston (BNL), J.P. Wilcoxin, and S. Craft (SNL) 

Recently, there has been a dramatic rise in interest in nanoscale size materials. 
This has occurred largely because new techniques have been developed to manufac- 
ture these materials in greater quantities. It has also been recognized that nanoscale 
size materials often have unique and desirable properties that are different from the 
corresponding bulk properties. For example, the catalytic properties can become 
greatly enhanced when a material is reduced to nanoscale dimensions. 

Two of the most basic properties that must be characterized when making 
nanoscale clusters are the average cluster size and the polydispersity of the clusters 
in a sample. The size can often be roughly estimated from electron microscopy 
measurements, but the only way to determine both parameters while averaging ove 
the entire sample volume is through small angle x-ray scattering experiments. 

To fulfill this characterization need, we have constructed a Bonse-Hart cam- 
era which can be mounted at the X22A beam line. Unfortunately, the upstream 
monochromator crystal of this beam line scatters in a horizontal geometry, so we 
have had to place a vertically scattering collimator crystal before the sample posi- 
tion. This has usually been a 5-bounce channel cut Si 111 crystal. The analyzer 
crystal is also a 5-bounce channel cut Si(ll1) crystal. Ivh it this rather simple set 
up, we have been able to obtain a dynamic range of nearly 10Q with a range in q 
from lo-* to 10’ A-‘. 

The samples we have examined were made using an inverse micelle technique 
which produces samples with very good polydispersity characteristics. Therefore, 
the small angle scattering curves show interference effects 

! 
wiggles) and it is rather 

simple to then fit the SAXS data to obtain the size and po ydispersity of a sample. 
We have examined a number of cluster samples including Au., Pd, Rh, and MO& 
that have been prepared under differing conditions and with dlfferect average sizes. 
More materials will be examined in the future as the inverse micelle technique is 
developed further. 

Synchrotron X-ray Scattering Characterization of High Tempera- X27A, 
ture Superconducting Wires X22A 

T.R. Thurston, U. Wildgruber, N. Jisrawi, M. Suenaga, Y.L. Wang (BNL), and P. 
Haldar (IGC) 

A CRADA between BNL and Intermagnetics General Corporation was be- 
gun in 1995 to use synchrotron x-ray scattering techniques for characterizing 
(Bi,Pb)zSrzCazCusOm (T,=llOK 2223 superconducting wires. These wires show 
commercial promise; for example, h igher magnetic field strengths in MRI machines 
will be attainable using this technology, provided the quality of the wires can be 
improved. 

A major problem in characterizing the wires arises from the fact that the super- 
conducting material is by necessity sheathed in silver cladding. We recognized that 
the intense x-ray flux available at a synchrotron source allows structural character- 
izations of these wires which are not possible with any other methods. We mention 
two of our major conclusions to date here. 

We first discuss the differences between early wires made with a single filament 
of superconducting material compared to more recently made multifilament wires. 
Generally, the multifilament wires have shown better transport properties than the 
monofilament wires, but the reason(s) for this improvement have been nebulous. 
We have found, however, that the full width of the 

I 
200) peak of monofilament 

samples is systematically larger than the full-width o this peak in multifilament 
samples. Thus, the multifilament samples generally are better textured than the 
monofilament samples, which improves their transport properties. 

In the second example, we consider the phase composition. The starting material 
for these tapes is 2212 (Bi,Pb)zSrzCaCuzOs (T,=85K phase, along with enough 
other materials to make 2223 after heat treatments. b rom analysis of two-theta 
scans, we have found varying amounts of 2212 in all samples studied to date, with 
the amount ranging from 4 to 40 percent in nominal 100 percent 2223 samples. 
Further, by rastering the sample through the x-ray beam, we have shown that the 
2212 composition is not homogeneous along the length of all tapes. This data 
suggests that the phase developement process must be examined more closely. 



1 Tail Studies of a Bonse-Hart-Camera * 1 X27C 1 

J.M.Ablett (Kings College, London, Great Britain), W.A.Caliebe, J.B.Hastings, 
D.P.Siddons (NSLS) 

In order to determine the structure or ordering of samples with spacings in the 
nano- to micrometer range one has to use softer X-rays or to go to small diffraction 
angles. The latter can be done by using long flight paths and position sensitive 
detectors (slit collimation) or by using an analyzer crystal (angular collimation). 
This idea was proposed and implemented by Bonse and Hart in 1965. Theoretically, 
these so called Bonse-Hart-cameras should result in very narrow peaks which can 
be described by a power law, I N 0”, where I is the intensity, 0 the deviation 
of the maximum of the peak and n the number of reflections. To our knowledge 
this is confirmed experimentally only for a small q-range (8 <lO arcsec) or for low 
intensities (I,,, N 10s photons/s). 

The aim of this experiment was to find or to exclude different reasons for the 
broadening of the peak. For this purpose we built a Bonse-Hart-Camera, using two 
Si(ll1) channelcuts, each with 4 reflections and operating at -12keV (IA . The 
effect of air scattering was eliminated by keeping both crystals in an evacuate cl tank. 
The intensity increased due to no absorption by the air, but the peak shape did 
not change. In order to study the thermal diffuse scattering (TDS), we used three 
different approaches: we kept the first crystal at room temperature by cooling it, 
we measured the intensity behind the second crystal with a dispersively mounted 
second analyser crystal and we mounted a very narrow slit between both crystals 
in order to eliminate the TDS from the first crystal. All three approaches had no 
effect on the line shape so that we can only claim that air scattering and TDS are 
probably not the reasons for the still unexplained broadening. 

More experimental and theoretical studies are planned for the next year. 

* Supported by US DOE under contract # DEAC02-76CH00016. 

Measurements of the spatial frequency dependent detective quantum x27c 
efficiency of the FUJI image plate * 

R.H.Menk, F.Arfelli, D.Chapman, N.Gmur, W.Thomlinson, Z.Zhong (NSLS) 

As part of the mammography project at the NSLS X27C RD beamline, which is 
described somewhere else in this report, we carried out a number of measurements 
in order to evaluate the performance of a Fuji image plate detector used together 
with the Fuji BAS 2000 image plate reader. Typical reading parameters were a 
sensitivity of 1000, a latitude of 4 and a resolution size of 0.1 mm. The energy of 
the monochromatic beam was 18 keV. The image plate is a photon integrating pixel 
detector which can be characterized by the spatial frequency dependent detective 
quantum efficiency (DQE f)). 

L 
0 nce 

how the input image sign -to-noise 
an image is detected the DQE(f) describes 

ratio is degraded by the detector, taking into 
consideration the image noise and the spatial resolution. For integrating detectors 
with a position resolution given by the modulation transfer function 

A 
MTF(f)) and 

the associated image noise defined by the noise power spectrum (NP (f)) one finds 
DQE(f) = DQE(f=O,N) . 11 MTF(f) II ’ /NPS(f), with DQE(f=O,N) = QE/(l + ( 
uaz /QE a N)) where QE is th e quantum efficiency of the detector, N the average 
number of incident photons per pixel and ua is the instrinct noise of the detector 
including read out electronics’ noise. The intrinsic noise was measured from an 
unexposed image plate and a noise equivalent of 3 photons at an energy of 18 keV 
was found. The QE of the ima 
field images (100 mm. 150 mm 7 

e plate for this energy is approximately 0.98. Plain 
, acquired in line scan mode with an approximately 

0.5 mm high . 100 mm wide synchrotron beam were used in order to measure the 
DQE(f=O,N) and the NPS(f). V ariations of the flux ( from 5 to 5350 photons per 
pixel) in the plain field were achieved using several plastic absorbers of different 
thickness. The incident photon number was monitored with an ionization chamber. 
An image of a sharp edge phantom was used to obtain the edge spread function from 
which the MFT could be calculated, applying a numerical derivation and a FFT 
algorithm. Since the signal-to-noise ratio in the image is SNRimage = sqrt(DQE(f 
SNRpoisson, details larger than 0.5 mm are transmitted without degradation if t k 

)a 
e 

flux is sufficient ( 2 100 photons at that energy) which means that no additional 
dose is acquired to a patient or phantom in order to achieve the signal-to-noise-ratio 
given by the Poisson statistics. For smaller details, however, one has to increase the 
dose to achieve the same image quality. At a detail size of 5 LP/mm the DQE(f) 
drops to zero, which means that no information is transmitted at all (figure 1). 

Figure 1. 
pixel 

Spatial dependent DQE for N 2 100 photons at 18 keV per 

* This work was supported by the US Dept. of Energy Contract No. DEAC02- 
76CH00016 
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I Monochromatic beam mammography studies with an image plate x27c 
detector + I I 

W. Thomlinson’, R.E. Johnston’, E. Pisano’, D. Washburn’, C. Burns’, F. 
Arfelli”‘, L.D. Chapmanr, N. Gmiirr, R. Menk’, Z. Zhong’, Dale Sayers4 
(‘National Synchrotron Light Source, ‘University of North Carolina, sINFN di Tri- 
este, Italy, 4North Carolina State University, Raleigh) 

Preliminary experiments have been carried out at the NSLS X27C beamline to 
explore potential improvements in breast imaging contrast using monochromatic 
x-rays. Fuji ST3 PSP image plates read by a model 2000 Fuji reader and standard 
mammography film were used as detectors. In our present study, images were ob- 
tained of an ACR radiology phantom and a Lucite contrast detail phantom at 16, 
18, 20, and 22 keV. Phantom thickness varied from 15 to 82 mm. The phantom 
and the image plate were translated vertically through the stationary fan beam. 
Exposure to the image plates or film was controlled by the scan rate and various 
attenuators. The synchrotron images were compared to images obtained with a 
conventional mammography unit to evaluate improvements in contrast and image 
quality. The preliminary results show better contrast for the monochromatic beam 
images with lower absorbed dose in the phantom. The ACR phantom is a standard 
used to evaluate mammography system performance. It has a set of masses, fib- 
rils, and calcifications embedded in wax. Our images of the ACR phantom scored 
consistently better than those taken with the standard system. 

w 

G 

% 
* This research was supported by NIH ROl CA60193, the Dept.of Radiology, UNC and 

US DOE DE-AC02-76CH00016. 
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